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Library open every day, Sundays excepted, from 10 to 12 
o'clock, A. M., 2 to 5 o'clock, P. M., 7 to 9 o'clock, 1*. M., from 
April 1st to October 1st; and from 6>a to 9 o'clock, P. M., from 
October 1st to April 1st. Wkdkksi>ay and Thursday Even- 
ings, Library closed and also on all legal holidays. 

No person shall take a book from the Library until its num- 
ber is entered upon the record book by the Librarian. 

When a book is returned to the Library it must be placed upon 
the Librarian's Desk, and the number of the same announced to 
the Librarian. 

No person shall remove a book from its place in the Library 
without the permission of the Librarian. 

The Librarian shall deliver to any member, one volume, if it 
be a folio, quarto or octavo ; and one book or set (not exceeding 
three volumes) if a duodecimo or volume of less size. 

g^P'THis Book may be detained Two Weeks and no 
longer, under a penalty of One Cent per duy. 

All books shall be returned to the Library one week previous 
to the first Tuesday in April, and remain until after the annual 
meeting. Any person neglecting to return the same shall fori tit 
and pay a fiue of twenty- live cents. 

If any member lose or materially injure a book he shall fur- 
nish another copy of equal value. If the book so lost or injured 
be a part of a set, he shall replace or pay for the eutire set. 

No member shall be permitted to receive a book from the 
Library, nor be admitted to the Heading Room, who shall not 
have paid up all astessments and fines within three months after r*h | t 
the same shall become due and payable. £*• f» 

No member shall lend a book belonging to this Association t'Sj 
any person out of the dwelling house of said member, under (3 
penalty of one dollar. • 

Any person who shall purloin a book, paper or other artio 
or who shall mutilate or injure the propeity of the Asyociativ 
shall forfeit his right in the institution lor such length of tiiu* 
the govornment may determine. 
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PARI.* I. several of the lectures of Prof. Agassiz to the 

students of the Anderson School of Natural 
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♦ The first of the series of six lectures was given on 

PttOCTOR AQA88IZ. January 9, at Association Hall, by Prof. Richard A. 

m , . . . , , Proctor, Secretary of the Royal Astronomical Society, 

lhere is no science that has been more London, and author of several noted works upon 

illuminated than astronomy, by the discov- astronomical topics. The audience packed the capa- 

eries of tho last ten or fifteen years. Mr. cious hall to its utmost limits. The treatment of the 

"w>,™4.~,. ;,. +k A ^ nm , A ~* i^^,~.o a; fl i, :„ subject was largely facilitated by views illuminated 

Proctor, in the course of lectures which is witn the oxy-hydrogen light. 

here presented, exhibits the most recent theo- THB LECTUBE< 

ries warranted by the facts. Hence the fresh- Ladies and Gentlemen : I need hardly tell you 

ness and charm of these lectures, their free- that a subject so wide as astronomy cannot be dealt 

dom from what is now the commonplace with in a single course of lectures, except by way of 

knowledge of the text-books ; and a certain J^*^"^ \ tJT^. f SE 

rusn and vitality about them, as it — which was myself twice given a course of lectures on the Sun ; 

the ca/*e — there were not time enough to tell two years ago on the stars; and I expect next May 

their mighty tale. to & Ye a course of lectures at the Royal Institution 

hl f v; a J; ai ~ Je +v^ v~-«~-. „ A k«- A ^aa^a on the planets — the subject of the next lecture in 

lo this story of the heavens we have added my ^^ in New York Therefore you wiU rea dily 

some cnapteis from the teachings of one who understand that all of my lectures will be mere3ur- 

knew moie of this globe and the life that veys. I only aim to present the leading features and 

dwell* and baa dwelt upon it, than any other thc *f characteristic of modern research. 

«,«K^*u— ^*i A . - rxr* iv^i M . m JLl +k«+ The subject of' coir lecture to-wght is the Sun —not 

ina* of this generation. We feel assured that tte most magnificent of aU create d objects, as indeed 

thousands will welcome our nublication of I shal* V- able to show you when I deal with the 
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stars, but the noblest of all created things that min- 
ister to the wants of man. In long past ages there 
were men who worshiped the sun, and knelt down 
in adoration before him, because they believed he 
was the source of all good upon the earth ; he was, 
in fact, their God. Although in this they forgot the 
Creator and worshiped the creature, yet if there was 
any fault it may be pardoned. How little we think 
when we see the sun rising as a ruddy globe above 
the horizon, involved in leaden-colored clouds — how 
little we think that at every instant that globe with 
a mighty foice is tattrntip^nd^nly ttoe earth but 
other planc)n iaV uUgevtUan Jttei aarth ! Still less do 
we thinkiow, nor merely In tne daytime, but through 
all time, that sun is pouring forth supplies of light 
and heat, infinitely greater than are required for the 
wants of this earth. t .Now let us consider first the 
facta we^havep deal wiftt, m order that we may see 
nbw'lar^e W hdw bowferftf'he is, and thus thor- 
du^y 'appreciate his* '{musical' characteristics when 
w«"conie*Co cdnsitleV'tft&ii. l "' 

r\,tntr Ir^^AWblB Ajfo'siztt OP THE 8TW. 

•» 'la <*»» first 'place,* Wi'tfs consider the distance and 
size ofr tire/, sun j 'which I'heed hardly say are nearly 
related. There is a comparison by which we are 
enable^ } 1p ^nj^icat^ at once the relation of the sun 
to us' in magnitude and distance. If this earth were 
represented by aj globe one inch in diameter, then 
the suri'is globe would be represented by an orb three 
yards in diameter. If the sun's globe in turn were 
represented bj" a globe one inch in diameter, then 
W^tj|j£jH^ would be represented by three yards; 
0U ^£Kra"'^ globe one inch in diameter, the sun three 
yards ; the sun a globe one inch in diameter, the dis- 
tance three yards. Now let us consider what an 
enormous distance that means. An Armstrong gun 
fires a bullet at the x*ate of 400 yards per second. A 
bullet fired at that rate, and maintaining it to the 
sun, would take 13 years to get there, and the sound 
of the explosion would reach the sun half a year 
later. In the case, therefore, of those men who wor- 
shiped the sun and raised their voices in prayer to 
him, if their voices could have been heard, and there 
were an atmosphere, a medium of intercommunica- 
tion by which the sound of their voices could reach 
him, 13J years would have been needed before their 
prayers could have reached their god. If there were 
a steel rod connecting the earth with the sun, and 
the earth were by it brought into communication 
with the sun, 800 years would elapse before the strain 
would reach the earth. Another consideration — and 
this was suggested by Prof. Mendenhall of your coun- 
try — is this: Feeling is conveyed along the nerves 
10 times slower than sound travels. If, therefore, an 
infant were born having an arm of the somewhat 



inconvenient length of 91,000,000 miles, so as to reach 
the sun ; and if, while in the cradle in boyhood, ht 
were to stretch out his arm and touch the sun, that 
infant might grow to the three-score years and ten 
allotted to man, or even to four-score, but he would 
never be conscious of the fact that the tip of his 
finger was burned. He must live 135 years before 
any effect would be experienced. 

GRAVITY ACTS INSTANTANBOUSIiY. 

Light, which travels with such velocity, which 
travels 200,000 miles in a single second of time, takes 
eight minutes to reach us from the sun, so that when 
we look at the sun we see him not in the place he 
actually occupies in the ecliptic, but the place which 
he occupied eight minutes before. And this leads to 
the strange consideration that if gravity, the force 
by which the sun rules the earth, were to occupy 
the same time in passing over the interval between 
the sun and the earth that light does, the yean 
would grow continually longer. Let us suppose the 
earth, traveling from my left to my right around the 
sun, which is directly opposite. When a body i* 
traveling forward against a material s>ower, such as 
rainfall, the shower will, appear to come somewhat 
from the direction in which the shower is moving. 
Thus the light from the sun comes somewhat 
obliquely to meet the earth. Suppose the force of 
attraction occupied^he same time ; that force would 
occupy a line, not from the sun but from a point 
on the right of the sun ; it would draw the earth not 
toward the sun but somewhat in the direction 
toward which the earth is moving, and there would 
be a continued increase in the earth's velocity and 
an increase in the length of the year ; and this would 
be manifested in a few years, and still more in the 
hundreds of years during which astronomy has been 
a science; and because there is no. appreciable in- 
crease in the length of the year, it is shown that the 
force of gravity acts instantaneously; that it acts 
very much more quickly than light. Now that is a 
wonderful thought. That is a kind of force entirely 
unlike that with which we are familiar. If we strike 
the water, a wave travels along the surface. If we 
raise the voice in sound, it is conveyed along the 
waves of air, and there is a certain rate of transmis- 
sion. Light would circle the earth eight times in a 
single second, but still it takes a certain time in trav- 
eling ; but gravity, the sun's might, acts, so far as we 
can judge, instantaneously. It is one of the force* 
of which we are able to give no account whatever, 
for all our laws of matter are opposed to the concep- 
tion of force acting otherwise than by contact. 
Newton is reported to have said that a man must be 
mad who could assume that any force whatever could 
act except by direct contact. 
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THE SUN'S MIGHT. 

JTow let lis consider the might that resides in the 
son. If the sun weJe merely an orb very much 
larger than the earth, as we see he is, there might 
still not he the force necessary to the sun as a ruler 
over the earth. Let me give you an idea of how 
large the sun is. I am in the habit, in England, 
when I wish to speak of the size of the sun, of 
informing my audience that " this country (England) 
in which we live, which seems to us so large, is 
nevertheless small by comparison with the earth, for 
if the earth were one inch in diameter, England 
would be a small triangular speck, which you could 
scarcely recognize." But I am afraid that to an 
American audience that comparison would be im- 
perfect. In fact, I have heard that an American 
traveling in England found the country so small 
that he at once sought the central counties, and was 
even then afraid to go out in the evening for fear of 
falling off the little island. [Laughter.] We in 
England, whether it be the natural courage of our 
disposition or the effect of long habit, are not troubled 
with that feeling. But even America is so small 
compared with the sun, that if there were a 
spot upon the sun as large as the whole of America, 
it would be quite invisible to the naked eye. In- 
deed, if an object as large as the earth were placed 
immediately before the sun, and there appeared as a 
black disk, it would nevertheless require a large 
telescope to make it visible ; 108 times does the sun's 
diameter exceed that of the earth, and the surface of 
the sun exceeds that of the earth 108 times 108 times, 
or 11,600 times, while the volume of the sun exceeds 
that of the earth 1,250,000 times. But the mass of 
the sun is not so much greater than the earth. It 
would appear as though the body of the sun were 
constituted of matter about a quarter lighter on an 
average than that which constitutes the earth, and 
the result is that the sun's mass instead of exceeding 
the mass of the earth 1,250,000 times, only exceeds it 
815,000 times. But only consider what that means ! 
If this earth were to grow in density until its mass 
were equal to that of the sun, then a half-ounce 
weight— one of those that are used to balance our 
letters— would weigh 4} tons. A man of average 
weight would be drawn to the earth as a weight of 
20,000 ions. An object raised from the earth a single 
inch would, in falling that short distance, acquire 
a velocity three times greater than that of an express 
train. Such is the might with which the sun rules 
this earth. 

THE qOURCK OF HEAT AND LIGIIT. 

But now let us pass from the question of the sun's 
might to its heat and light. The sun is the source 
of all these forms of light and life which exist upon 
the earth. That is no idle dream. Every form of 
force uyoo the earth, every action that we perform. 



all the forms of energy we know at, even the very 
thoughts we think, may be said to com© from the 
sun. It is by the sun's heat that life is maintained 
upon the earth. 

And now as to the quantity of that heat. Sir John 
Herschel in the South of Africa made experiments 
to determine the actual quantity of heat 
that is received from the sun. The heat 
there was so great that at the depth of 
four inches below the sand the thermometer 
rose to 100°. He was able to cook a steak by placing 
it in a box covered with glass, and that inside 
another box with a glass oover; and to boil eggs 
hard. He made experiments, and found in the first 
place that about one-fourth of the sun's light and 
heat were out off at midday by the air, and taking 
that into account, and making the requisite calcula- 
tion for a large extent of surface, he found that the 
quantity of the sun's heat that fell on an area of one 
square mile would be sufficient to melt in a single 
hour 26,000 tons of ice. Well, now that is merely 
the quantity received by a square mile 
of the earth's surface. But the earth presents 
to the sun a surface (regarding her for 
a moment as a fiat disk) 50,000,000 square 
miles in extent. And then how small is the 
quantity of the sun's light and heat that this earth 
actually captures. Tou have only to consider 
how small the sun looks in the heavens, and 
consider how small our earth would look beside him, 
with this small diameter compared with his, of one 
inch to three yards, and you can see how small a 
proportion of the sun's heat we capture. By a cal- 
culation which can be readily made, it is found that 
only the 2,000,000,000th part, or less than that pro- 
portion, of the sun's heat is captured by the earth; 
and all the planets together receive only one 
227,000,000th part of the sun's heat. Here is another 
mystery the study of astronomy presents. Only one 
part in 227,000,000 parts appears to be applied to any 
useful purpose, and the rest seems wasted. It 
is not for us to judge ef the operations of Nature. 
But here at any rate do we seem to find a confirma- 
tion of the saying of the atheist that sounds so 
strange te us, that " Nature in filling a wine-glass 
upsets a gallon." There is the sun's heat being con- 
tinually sent forth, and only the 227,000,000th part 
received. Only imagine a merchant who spent 
large sums of money, and who employed 
ouly one cent usefully for every $2,000,000 
of his income. And that is what> the 
sun appears to be continually doing.*-' The 
actual emission of solar light and heat corresponds 
to what would be obtained if on every square yarl 
of the sun's surface six tons of coal were consumed, 
every hour. In every second the sun gives out if 
much heat as would be given out by buntfup 
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11.(00,000,000,000,000 tons: and this earth on 
Which we livo, if It* whole surface were slowing 
Wilb the some beat as tbe sun, would frivei-ntin 
every second the same amount of heat that would 
be Riven by burning op 1.000,000.000,000 tons of coal. 
One million million tons of coal iu every second of 
time— a globe only as large as our earth t while the' 
sun, tli« great center of onr system, gives out every 
Second an amount of heat that would be given out by 
burning 11,600,000,000,000,000 of tons of coal, or about 
eight times the whole supply of coal supposed to 
exist in this earth. In every second theenn gives out 
the whole sanply of that coal which we look at as 
Inexhaustible, but which we are consuming at such 
a rata that iu 3,(10.) or 4,00 years hence there can be 
but lictl) doubt the ooal will be exhausted upon the 

tub sun's spots. 
Now, we have to consider what tbe telescope and 
other instruments of research tell us about the globe. 
We have seen its size, its mass, what a wonderful 
amount of light and beat ft gives; and now we have 
to consider what the telescope tells us. I need not 
go over tbe series of researches by which the aspect 
of the bud has been studied; bnll will only remark 
that if Qaliloo and the others who studied the sun — 
if they had but known, as we know, bow much we 
owe to the sun- -thoj would with a hundred-fold de- 
gree of interest have studied that wonderful orb. 
At the beginning of their research they found the 
sun's erirface marked from time to time with large 
spots, which will now be shown you 



been very glad to have suspended ad Hie time 
for you, but 1 found the site of the screen 
would not permit me. Touwijl nave the diagrams 
one by one before you, interspersed with lantern 
views, which by tbe kindness of Prof. Morton I can 
exhibit to you. By the first I will show yon the 
general aspect of the sun, tbe way tbe sun appears 
with its various spots. That diagram now' before 
you has been taken at tbe Cambridge Observatory 
It is a photographic pioture of the sun. There are 
four such pictures, and they show you the different 
appearances of the sun. Sometimes there are a few 
spots; at others more) at others two tones appear 
to he strewn with spots. 

It was discovered early that these spots are 
actually attached to tbe surface of the son, that 
they are carried round, tbat the sun's globe re- 
volves in about twenty-five of our days, carrying 
these spots along with it. Other features were soon 
recognized in these spots. We will have the second 
of these diagrams shown, in which you will have a 
larger picture of these soots, and other pictures will 
show you what will afterward be presented on a 
large scale— the appearance of bright spots around 
tbe spots called facuhe. The spots are not uniform 
id color, and have an outer fringe, while inside 
there is a dark port which the first observers 
thought was actually black. But no part of the 
sun's surface, so far as we know, would seem to bo 
actually black. Certain of tbe bright parts are 
strained Into white bright streaks, surrounding the 
spot, and when the lantern is used you will 
find clear views of that phenomena will 
be presented. We will next have a picture 
of the sun's spots presented, and after- 
ward the photographic pictures of tbe spots 
brought before you. There isoo» other picture 
which, like the last, was taken at tbe Cambridge 
Observatory, and shows the features of tbese spots. 
They are wen defined. The outer outline of the 
spot is sharply defined, and the outlineof the central 
spot is well marked, nn I then there are white streaks 
from the central part towards the surrounding por- 
tion. All that surrounding portion, especially near 
tbe edge of tbe spot, Is, on the sun, blighter than the 
rest of tbe son's surface. Now we will have the 
room darkened, and those things will be shown to 
you by photographs taken by Mr. Rutherfurd. Ton 
will see tbese various spots, and yon will have tbe 
assurance tbat yon are not looking at a picture 
taken by tbe band of man, but sun-pointed, in which 
all the features were actually existingon tbe surface 
of the sun at tbe time; and meantime we will pass 
en to the consideration of various features that will 
have to be presented. 

In this diaaram yon will perceive that the oentral 
pert fa s— fc* by whitish streak*, called tb* 
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f acuta, and you will recognize on the border of the 
sun'i disk mottled markings, the first sign of the 
complexity of the solar surface. Tbat is a feature 
which can be recognized in a telescope of three inches 
ic aperture. We will have another of those pictures 
brought on the scene, differing from the last in the 
fact that there are spots of considerable size on this 
view of the sun. These spots are sun-painted and 
actual pictures of the spots themselves. You can 
recognize the half shadow boundary, and the greater 
brightness of the interior part — the mottled part, 
the border, and the bright facular streaks. But now 
we will have pictures of one and the same spot in 
various stages of its progress, and you will recognize 
the evidence by which Dr. Wilson of Glasgow iu 
1776 recognized the fact that spots are depressions 
below the surface of the sun. 

PECULIARITIES OF THE SPOTS. 

Here are various pictures of the same spot. They 
are all numbered, and you will see, first of all, the 
spots appearing on the edge of the sun, and you are 
able to look on the further half shadow part of that 
spot, and it would seem as if you were looking on 
the edge. The half shadow part around the dark 
region becomes more and more uniform in breadth. 
You see the shape of the spot, and the formation 
across it of a streak of bright light, and you see it 
gradually changes in shape. All these spots are ac- 
tually sun painted, and you will recognize the fact 
that you are looking on the actual economy of the 
solar surface, able to review some of the processes 
reaiiy taking place there. You may not be able to 
find an explanation of these changes of form. They 
remain still a mystery of astronomy. The processes 
are continually taking place, although the sun 
looks so calm and still. I have spoken of the irreg-' 
ularity of the sun's surface, and we will now have a 
picture showing that irregularity on a larger scale. 
Father Secchi took a picture of one of those f acuta. 
If you look on the surrounding part as representing 
the general surface of the sun, you will see that the 
faculasare very large, and distinguished from tbe 
rest by their brightness. The irregularities around 
the fnculae are not the rough mottling, but a feature 
more delicate. This was recognized by Herschel, 
and called by him the corrugation. He compared it 
to the irieffularity of the surface of an orange. 

Now vou have another picture showing the same 
corrugations, tho whole picture being devoted to 
tbat one feature. There are the corrugations, and 
yuu see them surrounding a small spot withont a 
penumbra Now you can recognize the justice of 
Herschel's description. These corrugations have 
gi ven rise to a great deal of study in late times. 
You can recognize the central part of these corruga- 
tions as bright granules, but in preference I will use 
the term " rice-grains," because Prof. Langley has 



found it convenient to distinguish the rfce-graino 
from still smaller spots to which the name of 
granules has been given by him. 

The picture next to be shown will indicate tho 
rice-grains, which are not so delicate as those Prof. 
Langley has discovered. Dr. Huggins in England 
has taken the picture, and from its regular aspect it 
has been called Dr. Huggins's floor cloth. Still I 
have very little doubt tbat he perceived these gen- 
eral features. You can see the general darkness of 
that portion where granules are few. Theso 
dark regions are the dark parts of that mottling 
which is seen in smaller telescopes. These rice* 
grains are not in reality small, although they look 
small in the telescope. Their length is about 600 or 
700 miles, and the breadth about 300 miles ; in other 
words, they are about as large as Great Britain. 
[Laughter.] The study of these objects led to a very 
singular theory. It was thought by one gentleman 
from the aspect of the spots that the sun is sur- 
rounded by double coating, the outer giving light, 
the inner coating only able to reflect the light, but 
with no power of its own to give light, and that 
when the inner coating is broken you see through 
the dark surface of the sun, and tbat surface may be 
so slightly illuminated and heated by surrounding 
cloud layers, that life may be possible there. Sir 
John Herschel said that whatever view we might 
form about these rice-grains, it was certain the 
greater part of the light and heat of the sun comes 
from them, and he thought that vital energy in 
living organisms might be the secietof that light; 
that, because vitality is connected with electricity, 
and electricity with light, some of those spots of 600 
miles long by 800 miles wide, might be living crea- 
ture*! 

OBSERVATIONS OF ASTRONOMERS. 

I now pass to the particular observations which 
suggested these thoughts. On the sun's surface 
there were observed "willow leaves," which gave 
rise to a great deal of controversy as to their char- 
acter. You all see those willow leaves of Nasmyth. 
You will notice that the whole of the broad surface 
of the suu appears to be made up by the crossing of 
a multitude of willow leaves. They appear moro 
distinctly in the central part, and are very well 
recognized on the outlying border of the spot. But 
when that matter was submitted to careful study, it 
was found that there was great occasion to doubt 
whether the long willow-leaved streaks existed all 
over the surface of the sun, and an astronomer of 
your own has given a good account of them. 

But before I come to Langley 's work 1 must giro 
a picture by Father Secchi. It would appear that ho, 
observing the solar spots in the clear atmosphere of 
Borne, was able to recognize the true nature of these 
streaks. The general surf ace of the sun is mad© up 
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of that peculiar rough dotted appearance already 
described. It would seem as though from this gen- 
eral surface there was a gradual streaking out in the 
neighborhood of the spots. You will see that they 
spread around and across these spots, aod are there 
quite distinct in character from the rice-grains in 
the general surface of the sun. 

We will now have a picture from Prof. Langley, 
who worked in the neighborhood of Pittsburgh, at a 
night of about 1,100 feet. He would seem to have 
been able to recognize the fact that the rice-grains 
may be divided into smaller particles. He has found 
that the greater part of the sunlight undoubtedly 
comes fiom these little specks of brightness on the 
surface of the sun, while the general level of the 
sun, the background on which these bright specks 
are projected, is very much darker. And the picture 
now presented is a drawing by Prof. Langley. It 
would appear to be the case that little more than 
about one-hundredth part of the sun's light is given 
by the dark background on which these bright 
specks of light may be seen. 

I have to pass on to the spectroscope discoveries 
"by which the real nature of this wonderful orb, 
whose appearance we have been considering, has 
been determined— I mean spectroscopic analysis. 
We have to consider what are the real substances in 
the sun, and what the processes taking place on that 
solar surface. In Langley's picture you will notice 
the details are on a minuter scale than in Fr. 
Secchi's picture. Langley has been able to recognize 
in these grains multitudes of granules, and in the 
neighborhood of the spots you will see how they 
lengthen out, how they seem carried across this dark 
region in the spot. In some places Langley has been 
able to recognize on the dark background of the 
spot what seem to be long filaments, the breadth of 
which cannot be less than 50 miles. They seem to be 
suspended vertically with respect to the sun, and in 
the neighborhood of the spot some wonderful force 
seems to sway them toward the center of the spot. 
These wonderful filaments are thousands of miles 
in length, and 40 or 50 miles in width. We will now 
consider the results of the spectroscopic study of the 
tun. 

I will show you a diagram of the solar spectrum. 
You take the light of the sun, and you receive it 
through certain triangular pieces of glass, and the 
light of the sun is spread into the rainbow-tinted 
streak, which streak is crossed by a multitude of 
dark lines. 

This picture, to which I now point. Is a picture of 
the solar spectrum. On further investigation, it was 
fouud that an incandescent body used as a source of 
Kght, instead of having a rainbow-tinted streak 
crossed by a multitude of dark lines, threw a rain- 
Ww-tinted streak without any dark lines at all. It 



was also found that a gaseous body gives a 8p*ctran 
different from this, consisting of two or three dark 
lines. 

Here' is the spectrum given by sodium in a vapor- 
ous condition; and that— a dark spectrum with 
bright lines— was found to be the quality of a spec- 
trum given by a gaseous body. 



net. 




COMPARISON OF SPECTRUM LINKS. 

Fijr. 1. Spectrum of tbe solar prominences. 

Fig. 2. Solar spectrum. 

Fig. 3. Continnona spectrum, with dark Una of sodlun. 

Fig. 4. Doable bright line: the spectra* of •odium. 

I will now call your attention to a comparison 
between these results and the musical scale. Tbo 
red light corresponds with the bass, and the purple 
with the treble notes, and then this rainbow-tinted 
streak without dark is the complete scale without 
breaks. The one with the dark linos is the scale 
crossed by dark chords. If a musician were to hear 
a piano played in another room out of his sight, and 
he heard a chord struck, he would know which it 
was, and in the same way, if you see that a gaseous 
light gives a certain kind of spectrum, the chemist 
knows what the light is ; and it was found that the 
dark lines of the solar spectrum indicated vapors 
cooler than the sun's mass and cutting off a portion 
of the son's light. These vapors are giving out a 
quantity of light, but being cooler than the sun, 
around which they lie, they cut off a portion of his 
light. Thus arise the dark lines, and the chemist 
only wants to determine the exact position of these 
lines to flnd out what elements are in the sun. 
Thus iron, copper, and other elements known to us 
were discovered to be in the vaporous atmosphere 
surrounding the sun. 

A well-known German physicist came to the con- 
clusion that certain elements giving out the bright 
line spectrum, give more lines the greater the pres- 
sure, and that the first lines given correspond to 
those seen in the solar spectrum. The research 
was continued at the Mint, where it is important in 
connection with alloys of metals, and Dr. Henry 
Draper, of your oountry, is continuing it. These re- 
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IIOUB PBOHINENCES AND CORONA. 

It was observed that the spots waxed and waned 
in number over the ratface of the sua, and alter half 
ft (mntary of research, that the spots increase and 
diminish (until they disappear altogether), and that 
the period within which they waxed and wane is 
about eleven of onr years. After that was discov 
ered.it was noted that the magnetic influenced of the 
earth waxed and waned in about the same time. The 
magnetic needle which points in England to west 
of north, ilk this country not to doe north, has 
a swaying motion at if endeavoring to move to- 
ward the snn. That motion undergoes varia- 
tions^ sometimes greater and sometimes less, 
and physicists watched, and thoy found that in 
ahont eleven years the swaying of the magnetic 
needle, which was so insignificant as to seem diffi- 
cult of detection, undergoes a alight change which 
corresponds with the number of spots on the snn. 
When the spots are greatest it has its greatest sway, 
and when the spots are fewest it has the least sway. 
The aurora also was associated with the snn. Bat 
further evidence of these influences was needed, and 
it came in 1859, when a bright spot suddenly made 
its appearance on the snn, and it was found that the 
ei'lf-recording magnetic needle at Kew made certain 
jumps at the same instant; auroras appeared in both 
hemispheres, and everything proved that at that 
moment the san had given out magnetic influences, 
not to onr earth alone, but doubtless to Mercury and 
Venus and Mars, then to the asteroids and to Jupiter 
and Saturn. Anew bond of harmony had been found 
within the solar system. 

[A photographic picture representing prominences 
on the snn was here exhibited.] 

In 1843 these were looked npon as belonging to tbe 
atmosphere of the moon, but they were proved in 
1808 to belong to the sun. They wore like garnets 
around a brooch of jet, and these were fonnd to be 
actually existing on the surface of the sun. Whit 
were they I During tbe eclipse of 1888 that question 
■was answered, and it was found that they are not 
flames or mountains, but masses of glowing hydro* 
gen. It was by the spectroscope that it was discov- 
ered. Consisting of glowing gas, they would give 
each lines as these, and the four lines of tbe gas 
hydrogen were recognized. 

A curious experiment will be produced by glow- 
ing hydrogen. Tubes are filled with hydrogen under 
alow pleasure corresponding to the pressure which 
Is believed to exist on the prominences of the eon, 
aud yon will bave the true color of these promi- 
nences, shining with the true light of glowing 
hydrogen. 



[An exceedingly brilliant experiment was here 
mads, the hydrogen appearing to glow brightly 
even with all the lights In the room in roll blase, 
and showing an exact imitation of the solar promi- 
nence*.] 

A new method of research was applied ; it was now 
known that the flames shone with a light that conld 
be divided into separate lines in the day time. The 
spectroscope spread out these lines; they were 
visible. It was foand even possible to see the promi- 
nences themselves. 

[A picture of the sun's chromosphere was next 
prodnoed.] 



This ruddy matter around the sun is called the 
chromosphere. Yon will presently see injected into 
it a still more ruddy matter, as if there wasan ex- 
plosion on the surface of tbe sun. [A bright crimson 
mass was here shot through tbe chromosphere snd 
slowly fell back. The audience applauded vigor- 
ously.] Processes such as this bave beeu watched 
and bave taken place on the surface of the sun, be- 
fore tbe eyes of observers. Another of these experi- 
ments will be made for you by Prof. Morton's assist- 
ant, Mr. Wale. In this picture you see the whole 
field covered with ruddy matter, and this corre- 
sponds with diagrams of real pictures taken by aa- 



EROrnOTT PROHTNBKCES. 
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1843. Might nbuut 45.000 milH. 

In this picture yon see the explosion just as-if ft 
rocket was sent up, and here, in the next picture, 
one hour later, the upper part of tbe eruption sink- 
ing back to the surface of the sun. Tbe next picture 
is one taken at the Cambridge Observatory, Nothing 
is clearer than that here some matter bas boea 
thrown forth from the sun. Here is a ruddy cuac.ids 
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of hyd-ageu, and there yon sec tt gradually!* 

lug to a petition «f rest. 



bhdptioh PBomireNrBS. 

?r~-' m-a it promli.no- obier-M bj ZOIW tt Ilk. BOm., All. 
53,1809. 

One thin got] this subject is very suggest! re, tlinnirh 
Its true meaning is yet to be discovered. The spots 
on the sun are arranged in two zones, and these con 

espond with the temperate zones on the earth. It 
is in these zone* that the largest spjts appear, and 
opots are never seen far outside these cones. In 
•he other parts of the sun's surface wn have a 
xrodual spreading out of this ruddy natter, as if 
yon should pour an oily liquid into water or other 
matter of a slightly different density. You see that 
matter spreading through the water. ItU m.ilter 
of one kind of density spreading through another. 
In the region outside of the spouting zone it is as if 
thishydrogen were floating about, finding its own 
IqvqL The prominences are in many cuses 80,000, in 
one cose 300.000 miles in bight. Ten globe* such as 
this earth might be piled one on the otber, and only 
reach the hight of one of those. We have manifest 
evidence that there U really an eruptive activity in 
these spouting zones. In this picture you see bow 
there was a real eruption, propelling something nn- 

«en, and carrying aoautLLnh away from tbe ann 



insignificant, hight of about 90,000 miles. He wh 
away about half an hour, and when be oame back 
tbe cloud had vanished and nothing was left except 
these small bright fragments, and these fragment* 
were being carried up. They were carried to 
a higbt of 300,000 miles, and the rate was encb. 
that, taking due account fur alltue cirenmstanoea, 
there must have been a propulsion of matter from 
the sun at the rate of 600 miles per second. There is 
no doubt that there are motiousof 100 or 130 miles per 
second, but this. matter, according to calculation 
was carried up at tbe rate of 600 miles per second. 
A velocity of 380 miles per second would have been 
enough to carry it away from tbe sun forever The 
greatest force which the sun can exert, either in 
attraction or propulsion, is 380 miles per second ; 
anything greater than that will never comeback. 
Now this was BOO miles per second; not, as I conceive, 
of glowing hydrogen alone, but disturbed matter 
coming from a lower stratum. Why should this 
matter have been invisible 1 If it bad been from 
the interior of thesnn.lt would have given a con- 
tinuous spectrum; no lines could be shown by a 
glowing mass; it would give a rainbow-tinted 
streak. But wo have the evidence of the carrying 
out of something from tbe sun. Now this must havo 
been a solid or liquid mass of great density, lifting 
ita way throoch the hydrogen gas, and being car* 
ried outwards and onwards through space. What 
could it have been T If the snn is thus at times giv- 
ing forth matter, what beoomes of It T Onr earth 
may possibly be exposed to that Mat tor oomiiigfrom 
tfaosnn. On this point I shell liavo more to say in 
my lecture on cometa and memoirs. 



SOl-AR OUTBURST. 



The first view shows what Prof. Young calls a long 
•ew-lywg cloud of glowing hydrogen, only at the 
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TBS 80LAB CORONA* 

I pass on to another object, the solar corona, which 
gives us farther indication of the force acting oat* 
ward from the sun. I have a third of those ingenious 
experiments by Prof. Morton to illustrate these vari- 
ous phenomena. We shall have the natural progress 
of a solar eclipse. The moon's dark body wil] pass 
over the sun'B disk. In America the moon is allowed 
to travel faster, than under ordinary circumstances, 
and an eclipse which usually takes about three 
hours will here take but a minute. [Laughter.] 
You will notice the formation of Bailey's beads, and 
see that the bright edge of light is broken up. Then 
instantly bursts out the corona. I am told that this 
really corresponds very closely indeed to what is 
Been during a total eclipse of the sun. Now' what is 
that corona T It was once thought to be merely due 
to the sun's light shining through our atmosphere. 
When it was found that the prominences of hydro- 
gen exist at a very low pressure, it 
was a natural conclusion that there cannot 
be a solar atmosphere extending to the hight 
of this corona. The pressure at the oase would be 
enormously great. As time went on. it was seen that 
it must be a solar appendage. In the first place, we 
will have a picture taken by a noted French as- 
tronomer. It is a very remarkable view, so much so 
that considerable doubt was expressed; but that has 
now been all removed. In the eclipse of 1868 this 
question of the corona naturally came into great 
prominence. Now it was to be dealt with. The 
point was that pictures should be taken of it very 
carefully indeed. In 1809,. a picture was taken of it 
by Mr. Gilman of New- York, which showed a new 
appearance— an appearance of radiation, as if it was 
combed out. You will notice all these streaks 
spreading out. Here is a picture of the same on a 
larger scale. In this I shall invite you to notice the 
number of minute bright specks. Mr. Gilman says 
they were there as distinct entities. Zollner has no- 
ticed such bright specks constantly flashing out. 
They seem to be masses of incandescent, exceed- 
ingly blight matter. Now we begin to see that the 
corona gives evidence of a force going out of the 
sun. It seems to me that the evidence of such a 
force is to be found in photographic pictures. If we 
can show that during the progress of an eclipse the 
moon's dark body traverses the corona, it must be 
material belonging to the sun. We will have a picture 
showing the corona of 1870. It was photographed 
in Syracuse. So the doubt began to be re- 
moved that it is really a solar phenomenon, radi- 
ating in this wonderful way. Upon the confirming 
evidences and features here presented, not in a pic- 
ture subject to artistic fancies, but from the corona* 
itself, you begin to realize that there is continuous 
action outward from the sun, and that there are 



means by which this corona, extending a million 
miles from the sun, is repelled by some central forces. 
They do not seem to be constant, for in other pic- 
tures, taken in the eclipse of 1871, the corona was 
very much unlike this. This picture shows the 
corona photographed in India by Lord Lindsay's 
party. During 7 the time of t^e eclipse six photo- 
graphs were taken. By combining these pictures, 
instead of that radiation there are various curves of 
double curvature, as we call it. This will show that 
from the center of the sun a force is produced out- 
ward, and then there is a drawing back until a new 
force is exerted and there is another throwing out. 
So that there seems clear evidence that the corona 
belongs to the sun, and that it is acted upon by a 
propulsive force. 

THE EXHAUSTION OF SOLAR HEAT. 

Here, then, we have an immense mass of matter, 
glowing with an enormous intensity of heat, sur- 
rounded by vast flames, swept by storms of a nature 
we cannot conceive, surrounded by the glowing coro- 
na, which spreads out again into another phenomenon, 
the zodiacal light, growing more and more tenuous, 
and extending even asfar as the orbit of Mars if not to 
the end of the solar system. The sun se^ms to us to 
be perfectly stilL When we consider what we have 
learned about him we know that all the forms of 
uproar on this earth are as absolute quiet compared 
with what is taking place on his surface. Even the 
hideous groanings of the earthquake are surpassed 
a million fold by the disturbances on every square 
mile of that inflamed sea. This is no idle dream. 
This great central machine of the solar orb, the 
central heart, pulsates with life and will continue to 
do so until the fuel is exhausted. How does the sun 
maintain this fire f Why is there no gradual loss of 
energy f If the sun were a mass of coal of the same 
bulk, that coal, in the course of 5,000 years, would be 
entirely consumed, and the sun would be a mere 
cinder. If the sun were a mass o| water, which has 
a quality of specific heat in its combinations by 
which it gives out more heat in cooling by any num- 
ber of degrees than any other matter, in the course 
of 5,000 years it would lose 1,500 degrees Fahrenheit 
in temperature. There are two theories of the man- 
ner in which the sun's heat is kept up. One is by 
the downfall of meteoric matter. The other is that 
it is maintained by the gradual contraction of its 
substance, the same process by which the rest of the 
solar system was formed. In any oase there is cer- 
tainly a lime in the far future when the sun's heat 
will be exhausted. 

There is indeed one wav in which we may imagine 
that the perennial supply may be continued. Oar 
sun is traveling along through space, carrying with 
him the planets, the comets, &c, which circle 
around him as he sweeps onward, and it may be 
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fSat he oomes to new regions of meteoric matter, or, 
as it ware* to fresh fields and pastures new, where 
the supply may be renewed. Whether this be so or 
not we do not know. Bat there is this process of 
exhaustion which must one day come to an end; 
and yet there is no contrivance by which that waste, 
that squandering of which I have spoken, may be 
prevented. Could it be, every year of that supply 
would be changed into 227,000,000 of years. The 
waste is continually going on. Verily we have here 
a problem which may well tax all our thoughts. 
Letus not dismiss it at once, as we are apt to do, 
with the thought that our new knowledge has 
shown us imperfection in the scheme of creation* 
Let ns rather say with the Poet Laureate : 

Let knowledge grow from more to more, 

But more of reverence In us dwell ; 

That mind and soul, according well. 
May make one muaio as before. 

trot vaster. [Applause.] 

MERCURY 



varies in shape as the ptnnet is pursuing different 
of Its oonrse round the heavens. 
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SECOND LECTUKE OF B. A. PBOCTOB 

DISTINGUISHING CHARACTERISTICS OF THE INNER 
FAMILY OF PLANETS— MERCURY AND VENUS— 
THE EARTH, REGARDED AS A PLANET— LANDS 
AND SEAS, POLAR SNOWS, OCEANS, AND AIR-CUR- 
BENTS OF MARS — WONDERFUL. CHANGES OB- 
SERVED IN JUPITER'S EQUATORIAL BELT— SIMI- 
LAR FEATURES OF SATURN, URANUS, AND NEP- 
TUNE. 

The second lecture of the course on astronomy by 
Mr. Richard A. Proctor, Honorary Secretary of tho 
Royal Astronomical Society, was given at As- 
sociation Hall, January 15. The subject— "The 
Family of Planets"— was illustrated, like tho 
first lecture on "The Sun," by means of a 
series of pictures and diagrams, made specially to 
Illustrate Prof. Proctor's lectures In America. A 
large audience greeted the lecturer, who spoke as 
follows: _ 

THE LECTURE. 

The planets are so called from a Greek word signifying 
"to wander," because tiiey change their position on the 
heavens. Unlike the snn and moon, the planets do not 
travel always in one direction round the heavens, but on 
looped paths, pursuing 

Their wand'ring course,— now high, now low, then hid, 
Progressive, retrograde, or standing still. 

In the first picture here shown you have views of loops 
pursued by the different planets named in the diagram. 

In the next view yon are shown how tho loop traversed 
by any given planet (Jupiter in the illustrated case), 




LOOPED PATHS OT THE PLANETS. 










' VABIBTZB8 OF LOOPS TRAVERSED BT TUB PLANET 

JUPITER. 

It seems to me desirable, in taking the subject of plan- 
ets, to consider tbeui from the point of view of life la 
other worlds. Although it Is not of any very great sol* 
entlflo value, the subjeot is one In which we all take 
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Interest, A simple method will enable as to remember 
readily the various facts regarding tbe planets. I divide 
the solar family into two parts— tbe Interior family. 
Heronry, Venus, tbe earth and moon, and Mars ; and tbe 
outer family, Jupiter, Saturn, Uranus, and Neptune. 
One of the facta ia tbe utter diversity of char- 
acter between these two families. I want to show 
that Instead of being regarded as two similar 
families, tbey ought to be looked upon as two sep- 
arate families, utterly an like each otber. Whatever 
we think of theouter family of larger planets ought to be 
derived from the evidences we Have, and not from tbe 
analogy of our own earth. It is only tbe inner family of 
planets that we can judge by our own earth. And even 
in. this case we must not fall into tbe mistake that life 
on other worlds must be like that of our earth. Oar 
earth Itself gives us some such lesson. If we saw one 
port, and heard of but were prevented from seeing tbe 
other jarte, we might tldnk that life would 
not exist under the varying conditions. Tet we know it 
does. Even very recently there was a very striking 
ease In illustration. We all thought that there could 
be no life at {he bottom of tbe sea ; that in the deepest 
seas there was a great darkness and a pressure wbich 
moat prevent life. At tbe depth of a mile or two the 
pressure is so great that when wood is carried down the 
water is forced into it, so that it will never float again. 
We know also tbat light is a desirable quality for all 
living creatures we are acquainted with, and we 
came to the conclusion tbat light oould not exist 
there. But Drs. Carpenter and Thompson have let down 
their dredges and drawn up, from tbe depth of two or 
three miles, living creatures— and not merely living 
creatures, but having eyes and able to see, not- 
withstanding tbe darkness that was supposed to reign 
there. 80 unlike are the conditions there, that when 
these creatures were brought up where the pressure waa 
less, tbey burst. There was quite enough remaining to 
show tbat they had been alive bat had been toru apart 
when the pressure diminished. 

That waa one example. We might also consider 
the Arctic regions, and say how unlikely it would be to 
anybody in tbe temperate zones tbat life could exist 
there. How utterly unlikely, again, that life should 
exist In the torrid zone ; or, again, when you climb the 
nights of mountains, and come to places where the at- 
mospheric pressure is very much diminished, and great 
cold prevails, and all tbe conditions are unlike those 
that exist at the sea level, you would be certain no life 
could exist there, If it were not for the fact that we visit 
tbose regions and ascertain tbat life does exist there. 
Bo that in dealing with the different planets we need 
not concern ourselves to show that the conditions are 
absolutely like those prevailing on the earth. But it 
will be a useful thing to compare the conditions of 
things as tbey exist in those planets with what prevails 
on the earth. 

In order to get rid of those numbers, which will be 
found in the text-books of astronomy, let us take 
relative conceptions as to tbe distance. If you call tbe 
distance of the earth 10, then for the distance of Mer- 
cury from the sun you have tbe number*; Venus 7, 



and Mara 16. For the diameters of those planets we 
have Mercury 8,000 miles j Venus, 7,500 miles % for the 
earth, 7,900, and for Mars, 4,500. You see we nave an 
Increase upward to tbe earth and then downward. 
Mercury being 8,000, Venus 7,500, the earth 7.900— the 
largest of all these planets, and also dignified by having 
a moon ; and then we bave Mars with Its diameter of 
4,500 miles. All these planer* rotate on their axes la 
about 34 hours. They all resemble each other In that 
respect. They all seem to have very similar densities, 
to be composed of matter of about tbe same density as 
of this earth, tbe density of our earth being about 4} 
times, some say as much as 6| times the density of water. 
It la somewhere between thet»e value*. 

MARS 




OBBITS OF THB INNER PLANETS. 

To begin with Mercury, the nearest of all these 
planets to tbe sun. Tne feature which strikes us first In 
dealing with Mercury is the great beat to which that 
planet is exposed. Meroury travels on an eooeotrlo 
orbit, and is exposed to a greater beat from tbe sun 
at certain times than at others. We have before us dia- 
grams of the orbits. This inner orbit Is the orbit of 
Meroury, and you will notioe Meroury is at one time 
much nearer to tbe sun than in another pare of his year. 
Tbe year of Mercury is 88 of our days, so that In the 
course of 88 days Meroury passes from a very great beat 
when nearest, to a comparatively less heat when 
farthest from tbe sun. But, even when the sun's heat is 
least, it is muoh greater than that to whioh our earth is 
exposed* The quantity of heat received by Mer- 
cury varies from four times to ten times what we 
bave. Now, that is really a serious difference. Only 
imagine what would happen to us if the sun's light and 
beat were increased four-fold, and then extend your 
conception to an increase ten-fold. I think I need 
hardly say that the heat in tbat case would be so great 
that creatures such as we are oould not exist ; animal 
life would be destroyed on the earth if the sun suddenly 
gave out from four to ten times as much beat as he 
actually does. Then, can there be inhabitants In Mar* 
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eury f Some say tbat If only the atmosphere were very 
rare which surrounds Mercury, that planet could pos- 
sibly have life there. In the Torrid Zone, at a certain 
bight yon reacn the snow line, and above that line there 
would seem to be no life ; but yet it does seem possible 
that life may exist and does exist there. 

But there is one circumstance that is overlooked In 
that. In reality wben you go to the higher regions 
where the air is so rare, the sun's rays are not dimin- 
ished. The air does not get warm ; it does not prevent 
the heat from passing through it; it does not get warm, 
ond in the shade the air is cold. But in the direct heat 
of the sun expose your baud, aud the heat is more in- 
tense than Is easily bearable. Even with snow and ice 
covering the mountain tops, the face and hands are blis- 
tered by the heat of the sun. We should have a more 
Intolerable contrast in Mercury tban in tbe ease of an 
atmosphere like our own. There would be very intense 
heat under the direct rays of tbe sun, and comparative 
cold in the shadow, and life would be almost unendura- 
ble to us; and if the atmosphere of Mercury were so 
thin there would be evaporation of all the water, and 
tbat would be another condition opposed to ours. It 
appears to me that that difficulty is sufficiently great to 
make us doubt whether life can exist on Mercury ; I 
will not say such ltfe as can exist on the earth, but any 
of the higher forms of life, under these conditions. 

LIFE IN OTHER WORLDS. 

Mercury is a pi u net waiting for the time when life 
may exist ou it; when tbe sun's heat shall be sufficiently 
reduced, and then life will be as comfortable as it is on 
earth. Here we are introduced to considerations of great 
Importance in this point of view of life in other worlds. 
Though life now exists on the earth, there have been 
long successions of ages, during which life has not been 
possible on earth ; and there may be long successions 
of ages during which life will be tolerable on the planets. 
A planet is Intended to support life, but not for all time, 
but for a small port Ion of the planet's existence. 

Now, coming t4 the gravity of the planets. The 
gravity of Mercury, owing to its smallness, is so 
reduced that one pound would only press about five 
ounces; and here we are* introduced to a considera- 
tion of the importance of gravity to ourselves. We 
sometimes look on gravity and weight of matter as be- 
ing an Inconvenience rather than otherwise, but if it 
were not for gravity we should be continually at a loss ; 
objects would not stand firm, and we should stagger for 
want of weight, and would be in that difficulty which 
we find In endeavoring to walk in water beyond a cer- 
tain depth. As you know, divers wishing to walkabout 
In deep water have heavy weights attached, so as to 
keep themselves in place. 

It is an absolute necessity, therefore, that gravity 
should exist, and what we are in the habit of looking 
upon as an inconvenience Is, therefore, in reality, a 
very Important part of tbe earth's economy. If the 
earth's gravity were reduced to that in Mercury all the 
plants would suffer; flowers droop or keep their heads 
erect according to their structure, and it is absolutely 
necessary to continuance in life that a plant whose 
proper condition la that of uprightness, should remain 



so, and that that which droops should droop at a prora 
angle. It is shown that if that were not the ease tho 
stamens and pistils would not be properly adjusted for 
the fertilisation of the germs. And so it has been re- 
marked that the whole mass of the earth, from pole to 
pole, is engaged in keeping the snowdrop, the croon*, 
dec, in their proper position. In the oase of Mercury 
gravity is so much reduced that all these things would 
be changed. The same difficulty applies to the planet 
Mars, which is so much smaller than the earth. 

THB CHARACTERISTICS OF THR PLANET VENUS. 

But I now pass from Mercury to the next planet, 

Venus. Venus is tbe most beautiful, and we would 

imagine from ordinary appearances to be the noblest of 

all except the sun and our moon. Tou will remember 

Milton's words: 

If ow glnred tbe Armament 
With llrinr sapphires : Herpenu, tbat led 
Tbe ■tarry boat, rode brlgbteet * • * 

But Venus, examined by the telescope, docs not re- 
ward the astronomers so well as you might expect. She 
is too gloriously illuminated by the sun, and the applica- 
tion of the telescope is disappointing. Again, we never 
see Venus under proper conditions. You never see the 
whole portion of tbe illuminated surface. Look at this 
diagram. Tou have the path of tbe earth here, and 
the path of Venus Is inside. When Venus is nearest 
to the earth the sun lies in the same direction, 
and therefore Venus turns her darkened side and can- 
not be seen. When beyond the sun his brightness 
obscures her. The only time Venus can be studied is 
wheu she is on the two opposite sides of her path, and 
then she is seen either as a gibbous moon or a half moon. 
We know, with respect to Venus, that she, being very 
much nearer to the sun than the earth is, must hare a 
great deal more heat. Her heat is not so great' as that 
of Mercury; still she has twice as much beat as the earth 
has. In other respects Venus is more like the earth. 
Although Venus has no moon, yet being nearer the sun 
she must have tides, and they are barely comparable 
with those that exist on tbe earth. 

But there is one peculiarity in the condition of Venus 
that seems very unfavorable to life, as we know 1c here. 
According to the observations of tho Italian astronomers, 
who seem to have been able to see spots on Venus, (pro- 
bably on account of the clearness of the atmosphere.) 
which we cannot see at all in England, the axis, instead 
of being sloping at a small angle, is much inclined* 
Only for a short time would she have equal day anl 
night, but when the northern pole Is toward the son, all 
the polar parts would be continually turned toward the 
sun ; not merely a small part, but very nearly half of 
the planet on that side. When the southern pole would 
be turned toward the sun, that side would have a con- 
tinual day, and there would be continual night over 
nearly half of the planet. 80 there would be a very 
great change in the condition of the planet in Winter and 
Summer. The year of Venus Is about seven and a half 
months. It must be remembered that this Sun %hines 
with twice the size and gives out twloe tbe heat that It 
does to the earth. The ohange between the two condi- 
tions of Winter and Bummer would be even more serious 
than tbe extreme heat and cold in either condition. In 
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6*iri*n««!rci of IW« tet u* take How-York. You know the 
pole is raised about 41 degrees. In Spring the sun rises to 
ft night of about M degr ees above the horizon, in Summer 
98 degrees higher, in Winter It rises 33 degrees lower at 
midday. Suppose instead of 28 degrees the change 
amounted to 60 degrees. Then you would have 
at the New-York of Venus— you would have it 60 
degrees higher in Summer, whloh would carry it 10 de- 
grees north of the point overhead. The sun is circling 
about the pole, round and round. There would be day all 
the time, and then there would be that tremendous ean, 
with all the effect of tropical sunshine. The accumulation 
of heat in the Summer by Venus mutit be enormously 
great. Copsider the Winter. There is the sun In the Spring 
00 degrees above the horizon, bat in Winter it is 60 degrees 
below. Ic does not rise at all above the horizon. It la 
continual night, and that after that extremely heated 
Bummer. These changes are not agreeable to our ideas 
of the possibilities of life. They suggest the nocesaity— 
migration. That is absolutely neoessary to oertaln 
classes of beings here on this earth. Now, human 
beings on the earth do not mi crate, but the 
Inhabitants of Venus, If there are any, must migrate so 
as always to be in parts where the sun does not rise 
too high. That would be quite possible ; It may be ?n 
absolute essential condition there, not for a portion of 
living beings as here, but for all. 

BXLATION8 OF THE M002I TO THB EJlBTH. 

I shall only pause to speak of the earth in relation to 
the moon. Our earth has a companion, the moon. We 
look upon it as a mere satellite, but it is another member 
of the inner famliy of planets. If you were a member 
of a world circling around some distant star, you would 
be unable to distinguish the motion of the moon from 
that of the earth. It is only from our earth that it 
aeems to go around us. It really goes around the sun. 
Every world must have that peculiarity, that it m ist 
seem to its Inhabitants to be the center of the whole 
universe. In Venus. Mars, in even the asteroids, each 
aeems to be the center of the universe. Thus the astrou- 
omers of old time fell into the mistake of thinking the 
earth was the fixed center of the universe. 

Mars, instead of being like Venus, is a planet that we 
can study very fully indeed. We have here the orbits; 
here is that of the earth, there that of Mars. A portion 
of the time tbo face of Mars is turned toward the sun 
and is also turned toward the earth, and thus Illumi- 
nated Is studied to great advantage. You can conceive 
therefore how it is that astronomers have been able to 
take suoh pictures as these of the planet, having fea- 
tures resemblino* those of the earth. There is an appear- 
ance of two bright white points at opposite sides, which 
have always been colled the snowy poles of Mars. Her- 
schel was the first to perceive that they waxed and 
waned in siz3. He noticed that the axis was inclined 
very much like that of our earth, or rather more than our 
earth, but so nearly like it that the same sort of seasons 
prevail. He noticed that when the Summer was in pro- 
gress the polar regions seemed smaller than in Winter. 
Ihat was the first thing to show that the planet was 
like onr earth* .Our snowy regions do not cover more 
than the arctio regions, and they occupy about the 
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same proportions as those of Man's surface. Since the 
polar snows do not extend further, therefore the same 
sort of climate it seemed probable prevailed there. 
Other features corresponding to the idea of the nab* 
liability of Mars were noticed. Some portions have a 
greenish hue, as though there were oceans. The plan- 
et's continents, or what we oall continents, were ruddy; 
and white surfaces sometimes seemed to form over these 
continents or oceans, and to melt away during the day, 

as If clouds were being dissipated by the action of the 
sun* 

THB VEGETATION Of MABS. 

There were others, French astronomsrs, who sag* 
gested that the vegetation in Mars, instead of green, 
may be red. Spring may, indeed, come there, blushing 
like a maid. It was said, however, that we have 
no evidence that that is the case. How do we know 
that these green regions are oceans, or the white regions 
snowt It seemed somewhat bold to say so— to say 
that that must be the case. Might not the white 
region be frozen carbonlo acid, and the ocean 
something altogether different from what we have on 
earth t That argument is put forward by Dr. 
Whewell, and it seemed very difficult to overcome 
it. A man might certainly be thought very bold, 
on considering that he never could come nearer to Mars 
than 80,000,000 mites, to say what its surface contains. 
But we know now as certainly as though we had taken 
water from it and had it analyzed by a chemist, or 
drank it; we know certainly that water exists there. 
The spectroscope comes in here. When the sun is not 
high above the horizon you recognize in its speotrum a 
number of sharply defined dark lines. As his light 
shines through the vapors of our atmosphere, the physi- 
cists came to know that these lines were due to water in 
our atmosphere. Here I take the opportunity to cor- 
rect an injustioe, of which I have been guilty to 
one of your leading physicists. Dr. Cook of Cambridge. 
I have been saying in my lectures thar Sacohi nod 
Jansen found out that these streaks wore due to water; 
but that fact had been shown in a much more scientlfio 
manner several months before by your countryman. 
He observed the sun, noted these bands as they first 
faintly made their appearance, while the sun wa* still 
high up. Then he took his hygrometer, and he noted 
that as the hygrometer showed greater moisture in the 
air, these bands became more distinct. He showed be* 
yond the possibility of doubt that they were due to 
water In our atmosphere. Mars was observed in 1364 by 
Dr. Hugglns, and It was noticed that across the falut 
solar spectrum or the planet, there were those water 
bands. They might have been in the atmosphere of the 
planet, or they might have been caused )by the 
moisture of our own air. But Dr. Hu?gins determined 
to remove all doubt bv turning bis speotrum to the 
moon, which was low down ; so if the bands of the speo- 
trum had been due to moisture in our air, they would 
have been more clearly seen in the spectrum of the 
moon's light, but instead of that they were wanting. 
Therefore no doubt remained that they really belonged 
to the planet Mars, that there was vapor of water in the 
atmosphere of the planet. This was a most charming 
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relation. Bow could water exist there without alto 
jpaporatlon f All the operations of oar atmosphere— » 
(rorma, winds, rata, 4fcc— due to evaporation and pre- 
|!pf tation tain place In Hare. These white masses may 
So clouds. 

One peculiar observation was made. A certain 
fhlte region along the edge of an ooean in 
Man appeared here, as the planet turned 
mood. Mr. Dawes watehed the planet during the 
vholo night, and at ft o'clock the whole of that cloud 
0od disapp? a red, and ho saw that ocean In great dis- 
tfnotneoS. It was then midday In Mars. That intro- 
duced a consideration of Rome interest as to tho study 
O Mart. We want in that study noi merely a clear 
g*r»h sky, but a clear Martial cky. Another curious 
ttr.ughindors observation. All around the planet there 
re *n appearance* as though its edge was oovered with 
cloud. O.j one side it marks where the day is beginning; 
* "••» orhor w?iero it 1s ending. The presenoo of toe 
Blond, therefore, seems to indicate the gathering of 

misty clouds in the morning and misty clouds in the 
ivenlng. 

It has been said that after all, although there may be 
water there, there may not be an atmosphere carrying 
great cloud mists, but one so shallow that on account of 
the great cold, instead of clouds hoar frost is formed 
apon the surface of the planet In the nloht, and when 
the day Is proceeding that hoar frost Is melted, and 
the surfaoe of the planet is exposed at x>nce. 

DIVERSITY BETWEEN MASS AKD TUB EARTH. 

This theory in relation to Mars was that it was a disk 
or globe oovered with a hoar frost, and having other 
peculiarities different from oors. That theory seemed 
to me so unpleasant that I put forward myself, or at 
least I adopted, the theory that Mars is a globe like our 
earth where all similar processes take place— rain, wind, 
storm, clouds, riven, being produoed, denudation tak- 
ing place— every thing seemed so much like the earth. 
But then came this annoying theory that would put 
Mars altogether out of the scheme of an Inhabited world, 
that it was only covered at night by hoar frost, and 
that there was everything in Mars unlike 
the earth instead of like It I determined 
to destroy that noxious theory, and I began an 
essay for the purpose. But I found as I went along that 
the new theory was as strong as the one I had adopted 
in Its stead, and I finished that essay by advocating the 
theory that I Intended to destroy. I found there was 
very good reason indeed to believe that Mars Is in a 
condition quite unlike our earth; that it has a very rare 
atmosphere, that It has an atmosphere beariug the same 
relation to that or this globe that the oceans of Mars 
and its continents bear to ours. You will notioe that the 
oceans in Mars are very much smaller proportionately 
than the oceans on our own earth. There Is no Pacific 
there. In fact there is no Atiantio. Yon have only oceans 
comparatively small ; the lands and seas are intermixed, 
Y.m take the case of our own earth. The two Americas 
form a single island; Europe, Asia, and Africa form 
a no: her large island; and we have the oceans around 
tu «>-tj islands. There Is nothing of that in Mars. You 
:.*u ; ravel from any one part of Mars to another. You 



need not leave the sea or land, according to your taste. 
If yon are an inhabitant of Mars. Here Is a chart of 
Mars. There are the various divisions as I charted them 
down, and here you will notioe you can pass by water 
from one ocean all around, on to the side oceans and 
again northward; In fact, there is no limit to the extent 
of the journeys. And there is a curious feature, the 
e x istence of botile-neckod ooean*, with narrow 
inlets connecting them with the larger 
ones. A French student who recently dealt 
with that matter has shown that If our seas were to 
beoome shallow, the form of the oceans would be Ilka 
that; there would be manv bottle-necked seas. It 
seems therefore as If Mars had a smaller quantity of 
water in proportion to its surface than our earth. And so 
mi to respect to the atmosphere; there will he much leas 
■ 'iiosphere to each square mile; and altogether we have 
.. condition of things quite unlitte that I had previously 
supposed. And then there is the small gravity of the 
planet. If the gravity of our own earth were suddenly 
changed to the gravity In Mars, a pound weight would 
be reduced from 18 to 6 ounces, and the air would be 
reduced in the same proportion. At the night of six 
or seven miles in a balloon ascent with Mr. 
Olalsher the air was so rare, Goxwell found the 
strength leaving him, while his companion was insensi- 
ble. It was only by the skin or his teeth he escaped, 
jfor his arms being benumbed, he pulled the valve rope 
with his teeth. At the night of seven miles the atmos- 
pheric pressure Is reduoed to one-fourth. And here. In 
the oase of Mars, I am speaking of a reduction to one- 
sixth, which wonld happen; and if you add the oonstdV 
oration that the quantity of air Is less, you have a rarer 
atmosphere, you have a condition altogether changed • 
so that light, as we know it, would beoome impossible, 
the cold would be greater than yon can imagine, and 
the condition of things becomes altogether different 
Evaporation would take place rapidly, and a con alder a 
ble quantity of the vapor of water would rise 
in the air In daytime; snow would be formed 
and carried along by the currents— currents 
that would necessarily arise and carry it toward t e 
pole, and there would be a gathering of snow at the 
poles which would be due In fact to the dally forma- 
tion of snow and the continuous sweeping of those 
snows toward the polar regions. The author of that 
theory, Mr. Matthow Williams, says the gathering; of 
snow would tend to the formation of enormous glaciers, 
and then sometimes these large masses of snow would 
be broken up. Hooked out for evidence against the 
theory, and I found evidence in favor of it. Gen. Mitch- 
ell of Cincinnati has given an account of an observa- 
tion of Mars, in which a great mass as large 
as this white region was broken of£, and 
seemed to him to be carried up to the 
polar regions. We never look at Mum nearer than 80> 
000,030 miles. You see that as large a mass was carried ofl 
as though a territory as big as Spltsbsr^en or tfova 
Zambia, or as large as England, wero broken off by some 
great catastrophe. The Idea suggested by the new 
theory as to Mara Is that Mars may hate bean lnhahttesl 
In peat thaws* hen la at present too Weak an 
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know that on our own earth lite ceases In those upper 
regions at ttie bight Ooxwell and Glalsher reached, and 
to Mara life only of the lower kinds oooid possibly exist. 

THE BOTATIOH OF XAB8. 

I have yet to moke a few remarks about 
Mars. I have told you the planet baa been 

charted. Its period of rotation baa also been 
determined. It would seem strange that you oonld 
tell the time taken by a planet turning on its axis, ex- 
actly, within a few seconds, or part of a second. You 
see that spot In the middle of the planet. Yon could not 
be certain, within a quarter of an hour, whether that 
spot is in the middle of the planet. But if you note this, 
you can observe it in the planet in the second rotation. 
If you are a quarter of an hour wrong in that case, that 
qiarter of an hour is divided between the two rotations. 
The difference is only seven and a half minutes. That is 
divided Into three rotations the next day, and so the 
error is reduced to five minutes; and so on for a month, 
until the error becomes smaller, and yon can 
let the planet pass away for a year, so 
that yon can know when exactly It comes 
baok and how many rotations it has made in the in* 
terlm. and thus the error is still more reduced by rota- 
tion after rotation, until in the course of many years 
you get the time of rotation accurate within a second or 
much less. It had been shown by a certain German 
astronomer that the period of rotation of Mars was 24 
hours 37 minutes and 33} seconds, or thereabouts. Then 
another German astronomer, Kaiser, improved on that, 
and he made the period of rotation 34 hours, 87 minutes 
and 33 6-10 seconds. Well, then, an English student of 
astronomy, one who does not venture to call himself an 
astronomer, an English student, Mr. Proctor, 
thought he would try his hand at this problem. 
[Applause.! And to bin great distress be 
found that his result was greater than the German's by 
a whole tenth of a second— that it should be 94 hours, 8T 
minutes and 93 7-10 of a second. Kaiser thought it neces- 
sary to go over his work and publish a paper on the sub 
feet. From his paper I found he seemed to make out hit 
ease very accurately indeed. There was a wonderful 
amount of German care and labor, many details ; but I 
found, strangely enough, two mistakes. He called the 
years 1700 and 1800 leap years, whereas wo know that in 
the Gregorian calendar they are not leap years, and 
that made all the difference. And when that was 
corrected, I found my theory of the planet was correct, 
and the actual time It turned aronnd in was 94 hours, 87 
minutes and 33 7-10 seconds. It may seem to you un- 
necessary to be so exact. But there is one Important 
question whioh may be solved by suoh Information as 
that. It has been found that our earth Is rotating mora 
and more slowly as centuries go by. The moon lifts the 
tidal wave; that tid*l wave acts as a brake, as it travels 
in a direction contrary to that in which the earth 
rotates, and slowly indeed onr earth Is losing 
its speed. We cannot measure that ehai.ge by 
any ordinary clock, because onr clocks are 
aet by the rotartou of the earth. We time onr olocks to 
the transit of the stars. How can we answer a question 
such as that except by having some true clock! Here 



is Kara, this small planet, a pocket chronometer, and 
we ean have that chronometer's time, and so soon at 
we have her time we can compare with that onr own 
terrestrial clock. There are well-marked places on the 
face of the planet, and there la this also, that the planet 
has nothing to disturb its rotation. The sun Is so far away 
that the solar tides do not affect It ; it has no moon, and 
the oceans are not suited to the formation of a tidal 
wave; therefore the ohange of the planet's rotation 
would be insignificant. The planet is a suitable clock 
for getting at our earth's rotation. 

THE ASTEBOID8 AND THE OIAHT FLAineM. 

I now pass from tnese planets to the asteroids. There 
are now known 184 of these minor planets. There is a 
theory in the books that the asteroids are produced by 
the bursting of planets. That is not correct. Observa- 
tions on the orbits whioh wonld result from suoh a catas- 
trophe completely demolish that theory. 
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OBBTTft OF TBS OTJTKR PLAKBTS. 

Considering the giant planets, to which I next nasi 
we shall feel that they may be quite unlike this earth 
on whioh we live. Consider the enormous siae of 
Jupiter. We are accustomed to consider him larger 
than our earth: but it la not merely that; he la 
1,380 times larger. Here is a difference altogether too 
great to be regarded aa a difference of degree; It la 
a difference of kind. Our conceptions of Jupiter are 
necessarily different. We should expect it would be a 
different kind of body from that on which we live, and 
we find clear evldenoe of that as we consider him. We 
have views of the planets here, but they are not aa 
clearly visible to this large audience as I require. 
I have better views, and I shall have the room 
darkened and the views thrown upon the screen. 

As soon as you look on Jupiter you feel that you have 
to deal with a body altogether different from Mars and 
Mercury; altogether different from those whioh we have 
been dealing with. Compare these views with those of 
the planet Man, and yon will see that there Is no simfc 
larity in the conditions. In Jupiter yon have bands of 
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clouds which have sometimes been compared to the 
trade-wind zones. Bat oar trade- wind cooes and bands 
of olonds upon the equator would not be risible from a 
distant planet. 

When Jupiter is brought on, 70a wilt realize how 
much Jupiter differs from Mars. Yoa wili feel when 
you look on these views of Jupiter, taken at Cam- 
bridge Observatory, that you have before you an 
atmosphere heavily laden with some kind of vapor 
or vapors. It may be many. Cloud masses traveling; 
over the surface of lands and seas would show 
aome degree of agreement in shape with the con- 
tinents over which they traveled, and if disturbed 
by the wind they would be torn apart ; but we find them 
great masses, as if their depth corresponded with their 
breadth, as if the depth of these cloud masses was as great 
as their length and breadth— everything that the tele- 
scope shows us lea/Is to the conclusion that there is a 
deep atmosphere. 

Too have in the lowest right hand picture a very 
small round disc of one of the satellites of the planet 
Jupiter, and the diameter of it is 2,000 miles. Imagine 
the 30th part of that tiny satellite; 'hat would be 100 miles. 
It Is inconceivable that thene cloud masses have no 
greater depth than the 20th part of tbat little satellite. 
You must feel that these cloud masses, as they appear, 
have a depth comparable with their length. 

If the atmosphere of Jupiter were only 100 miles deep, 
the pressure at the bottom would be so great that the 
lower atmosphere would be a million of times as dense 
as platinum, the heaviest of all the elements. It is utterly 
Impossible, of course, that any such atmosphere 
could exist; but that is the legitimate oaloulatlon, the 
pressure would be millions of times as great as ours, so 
as to produce a density equal to that of platinum. 
There is one peotJlarlty about tbe planet opposed to that 
idea. Instead of Jupiter being the densest planet, it is less 
dense than the earth. Its density is one-fourth the real 
density of the earth ana corresponds with that of tbe 
son, and this seems to give an explanation of the diffi- 
culty. The great compression of the sun's attraction 
would make his at mosphere dense, but his enormous heat 
expands the atmosphere, and Instead of being a dense 
globe, we have a globe less Cense than the earth. 
Must it not be manifestly so in the case of Jupiter, and 
that by its great size it is brought more nearly in rela- 
tion to the sun than to the eartb, and must it not be like 
the sun in regard to the heat within his globe f You 
have the argument derived from the compression of 
the atmosphere of the planets. Again, the clouds are 
formed and carried around and around, and the planet 
carried around and around in 10 hours, the equatorial 
more rapidly than the temperate zones. Notice the 
equatorial band, brighter than tbe rest, and you will 
perceive that it corresponds with the equatorial band of 
the sun. There are no features in Jupiter like those in 
tbe earth ; and all goes to show a planet more of the 
nature of the sun than like ours. But might not the ap- 
pearances be those of ordinary clouds, after allf 

That can be tested by experiment. The light of that 
planet, Instead of giving the same kind of light as if 
made of rocky matter and covered with stones, shines 



three times as brightly t It shines almost as brightly m 
if in the midst of a mass of clouds or snow* If Jupiter 
were purely white, you might say tbat it was only these 
clouds sblning tbat we see ; but in point of fact, Jupiter 
does not look white. Therefore you have the certainty 
almost that there must be an Inherent light in it, and if 
it be inherent light, if the center of the planet elves It 
out, it most be at a heat corresponding to that or red- 
hot iron. 

The satellites of Jupiter may be bodies well lighted* 
though not intended to supply light to the planet. AH 
the satellites cannot supply the planet with 1-lOth of 
the light which we get from the full moon. They are 
illuminated by the small sun of Jupiter, which is but 
the one-twenty-fif th part of our sun in size. We will have 
another picture of Jupiter. You see bow proopssea are 
taking place which seem to have led to the uprising 
from some interior surface, perhaps a surfaoe far down 
below the atmospheric envelope, the uprising of a great 
cloudy mass, surrouuded by a dark border, which was 
distinctly visible to Prof. Mayor for hours. Everything, 
as I think, seems to sbow us that in Jupiter we have a 
scene of tremendous activity. 




THE KING 8T8TEM OF BATUBIT. 

Now to his brother giant, the planet Saturn, with his 
glorious ring system. Those belts on Saturn correspond 
in kind to those that exist on Jupiter; and I might ap- 
ply the argument on Jupiter to Saturn without any 
further explanation. This great belt of Saturn during the 
whole long year of Saturn— lasting 29 years of ours— 
remains persistently equatorial. Now the axis of 
Saturn is inclined very much as the earth's axis 
is inclined, but the equatorial belt never shifts, follow- 
ing the sun, as ours does, along the ecliptic. It seems 
by its position to show that It is produced by a force re- 
siding in the planet itself. Now there Is one argument 
derived from the ring Of Saturn. Those rings have been 
described by Brewster as glorious bodies reflecting light 
on Saturn, and making up for want of the sun. Instead 
of doing that, those rings cut off the sunshine. 
You will see how the rintrs nppear when 
they are seen edgewise. The planet i* in the full light 
of the sun, and the ring is cutting off every little light 
Indeed, and no harm is done. But tbe planet changes* 
and the ring shifts in position backward or forward as 
the year proceeds. Look at this picture illustrating 
those changes, and you will see that where the 
Winter of part of the planet is in progress when 
more light is wanted, the ring' cuts oft 
the light. 80 if we are to argue from 
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"Hon, If \ea ar« to suy tliB Almighty intended that 



illfTuinltv brought before us. Inste.vl of tbe thing belua 
Well-devised, It nemi lll-dtvi**]. It seems no It 
the only time tbe ring reflected Hunt 1111 wbeu It waa 
not wanted, and when it in wanted tbe ring came and 
Cat off a great part of the inn') Ilaht, and It does Dot 
eat It Off far a abort time, bat for N yo:irs a certain por- 
tion of siinllsht la out ofT, and for six of those yean tba 
whole of the sunlight Is out off by the ring. 




That la an argument well worth. considering, t am 
fulte aware tbat In modern times men of tclenoe satis- 
tied themselves tbat they bad disposed Of that orgn- 
men t, and I think there la a neat objection to tbe area- 
men t ot design. We are too much la tbe habit of assum- 
ing that we know tbe design of the Creator. The u comes 
one who sayi the creation does not fulfill that design, 
and It sometimes scorns then, as if the beauty and' 
perfection of the Creator's works bad been done away 
with. The difficulty 19 not In believing there Is design, 
but In becoming able to recognise what that design In. 
Mow the two schemes of tbese great planets, one contain- 
ing four and the other eight orbs, are not, as we are 
In the habit of supposing, insign Ifloant. The 
largest of tbe satellites of Satnrn Is as large 
as tbr planet Mars, and certainly as large as Merrury. 
Toe least has a diameter of 1,000 miles. In tbe case of 
Jupiter, those four orbs of Jupiter correspond In a Terr 
sin galar way to the four orbs which form 
the Inner family of tbe sun. Hie dis- 
tances of those four orbs of tbe sun — Mer- 
cury, Hers, Earth, and Venus— are represented by tbe 
cumbers a, T, Id, la. Tbe distances of the four sattellltea 
of Jtinlter are represented by nnmWrs, nor 4, 7, 10. 10. 
..lt,s,,10,t»-> very close resemblance. In fast, we 
■ea In Jupiter a miniature picture of tbe sun and the 
.nner family of planets. Similarly In the relation he 
tween Baturn and bis satellites we bare a complete P |n - 
f.ure of the sun aud bis whole fur-illy of planets. 



The largest of the satellites of Hur 
and It Is certainly larger than Here 
as large as Mars. How splendid ( 
whloli the planet 8 ituro presents to I 
does seemaa tbimgh a aosneof such wonderful beauty 
was not intended to remain without spectators. It pre- 
sents through the telescope the moat beautiful colors, 
the most woodcrfnl symmetry— all presented to tbe to- 
bftiinantc, if Inhabitants there be. I pass over tbe In- 
teresting foots In tbe discovery of the outer planets be- 
cause the time that remains la short. 

It seems to me tbat Neptune and Uranus present an 
Intermediate condition. They are not large enough 
to lie supposed fit to be tbe centers of schemes of 
worlds to give out beat and light. Tiiey are farther 
away from tbo san than Jupiter and Sat- 
nrn. But it Seems to me they might Tory 
well be In an Intermediate condition and still re- 
tain enough of the brat tbty originally possessed, 
to be the abodes of light and beat— tbat Is, Inherent light 
and beat cnongbte sustain tbe life of creatures. What 
I wantyon to notion is tbe division of the solar ram lly 
Into two peris, perfectly dlstlubt from each other ;and t 
was very glad to see. In the recent gather- 
ing of tbe American Association for tbe Ad- 
vancement of Science, that a distinguished 
mathematician of yours, Prof. Polroe of tbe Coast Sur- 
vey, has arrived at the conclusion that Jupiter and 
Baluru are really unlike tbe earth. Be arrived at bis 
conclusions from mathematical results nduoed from the 
formation of those planets on tbe nebular hypothesis; 
looms to mine by a different path, but tbe conclusions 
are the same. Bo tnat I really tblnk we may apeak 
confidently that Jupiter and Baturn are not 
wbst they have been supposed to be, but are soinl-auns, 
dlstluot uom 1 he Inner planets. 

Now a few words remain to me on tbe general ques- 
tion of life in tbe solar system. I mast confess tbo 
more I study the matter, I am convinced we are not 
bound. In order to reconcile us to tbe Almighty's work, . 
to adopt tbe Ibeory tbat all or any considerable 
portion of tbe planets are inhabited. We look 
book st tbe past history of the earth, and 
we And that the Creator Is, In oar eyes, wasteful 
of His powers. But Infinity can never be wasted. Bo, 
In the question of time tbere has been no special eare to 
mike available every Instant of the existence of the dif- 
ferent worlds. We find tbat for millions of years back, 
oar world was uninhabited, and we see. In regard 
to future conditions, that even though there 
should not be destruction from Are, life wilt 
probably by other causes pass away from tbe 
earth. So. lar from considering that every member of 
the solar family must be Inbeblted at the present time,, 
the chances really are millions of millions to one against 
any special planet being Inhabited, because the time it 
has been inhabited, If Judged la analogy wltb one own 
earth, must bo a very, very smalt part of tho whole 
time In w bleb the planet exists. 

Here, agnln, we are brought face to faoe wltb another 
dlflleultj 1 ' In the emission of light and heat from tbe 
ouu there seems to he waste ; but here. Is reality, ■* 
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In the presence of infinite power, and ire may say 
with the Psalmist that man cannot by search- 
In* find out God. " Canst thoa And oat the 
Almighty into perfection f It Is as hiirh 
as Heaven, what canst thou dot deeper tban HeU, 
what canst thoa know 1" I think we may content our- 
selves with viewing the matter in that light. Men of 
science tell ns on every side that science teaches theiu 
nothing of God. That is the very thing we 
are told in the words of the Scripture. 
M Thoa canst not by searching find oat God." Myste- 
ries are brought before as which no effort on oar part 
enables ns to resolve. Bo far from Inducing donbt.it 
should encourage our faith. As we are in the presence 
of infinite space and infinite time, so also are we 'in the 
presence of Infinite wisdom and infinite power. 



COMETS AND M KTKORS. 

THIED LECTUEE OF R. A. PROCTOR 

REMARKABLE COMETS OF HISTORY— REPULSIVE AC- 
TION BY WHICH THE TAILS APPEAR TO 
BE FORM ED— COMET FAMILIES OF JUPITER AND 
HIS U i£J .LOW GIANTS— THE METEOR SYSTEMS— 
METEORS AN£> COMETS IN THE SUN'S NEIGHBOR- 
HOOD- EVIDENCE OF THE THEORY THAT METEdR 
SYSTEMS HAVE BEEN EXPEJLED FROM THE 
GREAT PLANETS. 

Prof. R. A. Proctor, F. R. 6., gar* the third lecture 
of the course of six, on Astronomy, under the 
auspices of the Young Men's Christian Association, 
at Association Hall, on January 17. The subject, 
"Comets and Meteors," was treated as In form- 
er lectures, by means of pictures and diagrams 
prepared specially for Mr. Proctor, and also by pho- 
tographs, exhibited on a large scale by means of the 
oxy-bydrogen stereopticoo of the Stevens' Techno- 
logical Institute. . _ 

THE LECTURE. 
The longer I continue to give these lectures 

In America tne more my difficulty seems to increase. 
When m Boston, I was asked to give twelve lectures, and 
feared It would be too great a task. Before I came over 
to America 1 1 bought It Impossible that any audience 
would attend so many as twelve lectures; but since 
then, since thatj difficulty has pasted away from my 
mind, the feeling I have Is that these lectures are not 
nearly enough to give the facts I would like to 
lay before you.' * Each time I give a lecture I 
feel more end more how much I have to oro$. I men- 
tion this because I should like you to bear In mind tnat 
If I seem to bring the facts too rapidly before you, U Is 
due to the difficulty under which I labor. I feel that I 
am taxing an audience greatly by bringing farts lief ore 
them, one after another, with such rapidity. It Is only 
<ttte confidence I have in American audiences which im- 
pels me to go on with these lectures, bringing on these 
'loots without glviqg time, as it were, for any rest of 



mind. I deal re you, however, fo TOOnfffilK' the ffiKmfy 
under which I labor. 

The subject I have to deal with to-night la really a it 
subject for twelve lectures. It Is full of mysteries, and full 
also of great discoveries which have recently been made. 
To deal with it In one lecture is a somewhat ambitious 
attempt. We have, to begin with, the great wonder 
that comets and meteors should in any way be 
associated, they are so unlike each other. Comets are 
very large bodies, much exceeding the sun In magoi- 
tude and the largest of the stars, and having that 
mysterious faculty that they possess of coming from 
fathomless depths of space, after Journeys which must 
have lasted over millions of years, rushing up toward 
the Sun, passing close around btin, and then passing 
away with uo hint as to what depths of space they will 
fly to. It Is a strange fact that we should have to asso- 
ciate with bodies like meteors, so small In dimen- 
siODs,that a child could in many cases carry them, 
bodies so largo that our sun sinks Into iusgniilcanoe in 
comparison with them. 

THE OOMKT'S COURSE EXPLAINED BT ORAVTTT. 

Now let us pass to the facts most Important In this 
matter. Again, I remind you that I am obliged to leave 
out the facts dealt » with in our text-bocks of astrono* 
my, to take the more striking facts associated with the 
views taken by astronomers of the present day. To - 
begin with comets. We have In the first place the fact 
diat comets come from outer space, and after traveling 
almost directly toward the sun for a long period 
of time, clrole around him, and pass away 
again into the depths of space. There is a 
fact which seems at first to remove them from 
all the ordinary laws of motion, certainly all the 1m «•* 
presented by the planetary system; but it was pre- 
cisely In that, especially, that comets first gave astroao- 
mers a proof that there was no resisting the truth of 
the law of gravity, Newton took the oomet or lean, and 
having found that ft was traveling on a parabolic course 
— -stter described as an exceedingly long oval — w^a 
able to sav tnat that oomet would follow such aud suon 
a course, although its orbit was of an entirely different 
nature from the planets, and continually changing day 
by day. Yet he said: "I will follow that body and. 
tell precisely where it will go;" and it was thlf* 
mastery of Newton over the laws of celestial motion that 
first convinoed astronomers of the truth of the laws of 
gravltv, Tne comet came and followed the precise path 
that Newton suggested. Let us see how the comet 
moved. It came traveling up toward the sun, seeming 
to move directly toward him, marked among all cometa 
by the directness of Its path toward the sun. Wneu It 
was within a sixth part of the sun's diam- 
eter It circled around him and * then 
passed away on a track precisely like that on 
which it had arrived. Like all other comets of 
distinction it had a long tall, and as it approached the 
sun, that tall extended, according to the known laws of 
come is, away from the sun, and was thus carried l» - 
bind the oomet; but as the oomet passed around t».\ 
sun— and passed around it in a few hours—when It wn « 
seen on the other side, a long tail— I cannot call it th.; 
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of It; 

And Id the day or two that that comet wm lost tight of, 
that long tall was thrown out by the retreating- oomet. 
Bow that oomet bad taken four weeks in approaching 
the sun over a distance of m,oot,mo miles, though ha v 
Ing. at starting, all the velocity with which It had ax* 
rived; but Id leu than (oar day* that wondrous tall, 
lloffl.OGQ miles Ions, m thrown oat In (root of the 

tody. 




There li a foot whioli cither shows us we have to deal, 
li toi oomet's tail, wllh matter whloh hag not been 
formed tn reality, bnt la some war made to beonme ap- 
parent to na, or else we hare lo deal with a force Incom- 
pareely greater than gravity. Tbla repulsive force of 
ii Incomparably greater than that of gray- 



return to oor neighborhood. The prediction waa am 
exceedingly bold one, and It waa the flrst time an, 
astronomer had ever ventured to say aoomet would 
follow a certain path at any given time j and then 
was this interesting circumstance about it, that when, 
that oomet returned, the astronomer who predicted tv 
wouldloug since have passed away. 
■DccKseFni, prediction or a comet's BB-jtmiAKUianv 
Whon 1163 came astronomers went OTar (be calcula- 
tion made hy Dr. Halle}', an J they found, from their 
greater mathematical experience, how that oomet rolwh* 
be dealt with. They were ableio tell the very month,' 
anil even predict the day. They said upon April 13, 175» ■ 
with a limit of error of ens month, this oomet would? 
oomo back to its point of nearest approach to the sun. 1 
It actually returned, and made Its nearest approach to- 
toe tun on March is, nso, or J net within the limit* of 
error. .They did not know at that time that the planet* 
Uranus or Neptune eilated, and these hod exerted their 
Influence on that cornet. 
But when the return year I83S waa approach lug. ee- 
i had learned about Uranus, though Mepj 

been discovered, and also how to 
tore perfectly with the processes of 

analysis involved Id calculating 
the coarse of celestial bodies; and they aald this 
comet would return In November, 1335, and they put the' 
dales between Hov. 11 and Nov, 18. A German astron- 
omer, Bosenberjrer, gave the exact date as Nov. I*. The' 
aiaot'dato on which the oomet did make Its nearest ap- 
proach to the *nn was on Nov. IK, end certain strange 
fuels were noticed. As It approached the sun It prol 
eon led a very remarkable hesd, whloh yon recognise here 
(picture shown), with a crosoentlc ridge of brightness. 
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I led t 

» in four weeks, a 
four 'flay*. There Is 
of thla mighty repulsive 
The oomet came so close to the tun— * distance only 
the MOth next of that whloh separates oor earth from 
the snu — tttat the heat to whloh it was exposed waa 
M.aoa trmee greater than the beat endured by our eunh. 
Tliers then was -a beat whloh we might vezy well 
Imagine would destroy the very sabstauoe Of oar ele- 
ments, All the materials on onr earth would, under 
■iich a beal, be vaporised. Newton assigned a path to 
tbs oooet of lBatt, bat was not able to assign a period 
to It Ha was not able to say for how long a time 
it would pass away before It retained; bat In Che ease of 
E alley's oomet, Or. Halley not only on Icnlated the path 
the oomet would follow, bat he looked through the 
ennsls o( astronomy to see if there were any oomet 
traveling on the name path. He found one in the 
year 1>DT, and another in the year 1SSI, and 
BOttetn, ' Ma* the interval from MOT to 
lea waa not very different from the Interval between 
KOI and UOt-TB years about—he oonolnded that the 
tsDMt kad a period of T» yean, and he boldly presented 
the prediction that iu toe jear 1TN that oomet would 



II seemed as ir It were forced from side to side by tense 
disturbing force exerted by the sun. That oomet passed 
around the sun, made lot nearest approach. a> 4 eatse 
around on tha other side, passing southward Thef 
fore It Wa* observed by astronomers, or the souther .< 
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hemisphere that, instead of preseoting the appearance 
it had wheu It approached the bud, it appeared 
not only without tail, but even without auy head. 
It appeared as a small bright speck, like 
the small central part within tbat crescent, which 
you see here. Nothing distinguished that comet 
from a star except the fact that it was moving slowly 
oyer the heavens, and as days passed on it increased, so 
that in 17 days it increased 70 times in size. It seemed 
as if it were try lug to develop a long tail, but 
It passed away before a tail had been developed. 
It was noticed that there seemed to be a power in the 
sun to raise from the nucleus of that comet vaporous 
matter, which was, agalu, swept away by the sun; and 
Sir John Herschel at that time said that, in his opinion, 
that was the nature of the economy of a comet— that 
matter is so raised, and that the sun has power over that 
matter to repel it. 

EVIDENCES OF THE REPVLSION THEOBT. 

You notice I am dwelling on that fact of repuMon. I 
want to show tbat power of the sun In repelling matter 
from :t I will now deal with one of those small comets, 
▼err carious, indeed, in their history. We have here all 
the evidence we can get, although it is not very striking. 
In the year 1770 a small comet made its appearance, 
which, having been watched for a time, was found not 
tobetravelingiuone of these long oval paths, such as 
are here presented ; but in a path which, Instead of 
having one of these long periods, was completed 
within a period of 5* years. It was called, from the 
name of the astronomer, Lexell's comet. It was never 
aeen again. Astronomers tben were led to inquire 
wbat had become of this comer. Tracing it 
back, they found it was in a path so near to 
Jupiter that the giant power of that planet ar- 
rested it in its course, and sent it out on a path entirely 
different from what it was before. It was useless to look 
lor it. This question then arose : How was it that this 
comet of very striking appearance had naver been 
aeen before 1 Traveliug lu a period of Ave and a hair 
years, how was it it had never been seen 1 They traced 
it back and calculated its path, and tbey found that the 
same giant band which sent that comet away had intro- 
duced it. Tbat comet, in 1067, approached quite close to 
Jupiter; so close, in fact, as to intrude itseif among its 
satellites, Jupiter is not the planet to stand any non- 
sense of that sort, and so compelled it to follow another 
courts. Another five and a haif years, and another five 
and a half years, and then it was again seised by Jupiter, 
and sent outside of the solar system, and where it has 
none nobody knows. There is rather a curious fact in 
connection with the history of the French revolution. 
Blanqui, a republican, was imprisoned, and he took 
It into his head to write about comets, and somechlng 
made him look on Jupiter as a sort of policeman, mid 
be described Jupiter as being always patrolling ou the 
watch for comets. Wben they came near he drove 
them into the perilous straits, aud it was well 
for the comets if they could escape from 
that time forth. But still there Is one 
point about this comet of Lexell worth notice. It had 

sons into the midst of Jupiter's satellites. The satel- 



lites are not large objects, and If the comet had in? 
mass he could disturb them ; but instead of that *U 
those satellites are sail traveling the path thoy Had 
before that comet had arrived, and we learn, there- 
fore, that that comet at any rate was mere vapor* 
had no power and no weight, although It was inuch 
larger even than Jupiter. It had no power, no weight 
or attractive influence to disturb those little satellites 
which Jupiter manages so easily. 

Now we come to another comet— that seen In 1S48, 
which Is really interesting, as traveling on the shortest 
period of any comet we know of, a period of three years 
and four months. It is noteworthy on this account, that 
this little comet seems to be getting closer and closer to 
the sun. traveling always on a shorter and shorter 
period. It is apparently retarded by the lnflueuce of 
some matter occupying space. It may seem a strange 
fact to say tbat it is retarded, and yet it is traveling 
more and more quickly. But that is the effect of retarda- 
tion in any instance. If our earth is to be retarded, the 
effect will be that our earth will travel more and m«»ro 
rapidly, because the effect of the retardation would be to 
get the earth nearer and nearer to the sun, and all ihs 
time she is being retarded by resistance she would be 
hastened by the pull of the sun drawing her inward, and 
when she arrives so that she travels on the path of 
Venus she will travel as fast as Venus, and wheu travel- 
ing the path of Mercury, she will travel as fast as Mer- 
enry, then faster and faster until In the course or time 
she will fall on the sun. This comet is traveling faster 
and faster on a smaller and smaller orbit. 




comet or 1848. 
But I pass from that, and go to one. the mots reveals 2 
by which are among the most curious— I mean the comet 
which was discovered in 1838. It was carefully 
watched, and it was then found that this comet, uud 
been seen before by Caroline Herschel and other*, and 
a path was assigned to it. having a period of six years 
and eight months. Now this comet was in the first 
place remarkable, because its path crossed the earth's 
path ; and, Indeed, on the next return, in 1833, astrono- 
mers announced that that comet would actually cross 
the earth's path, and many thought that that meant 
that there would be a collision, and great alarm was 
excited. A member of the Paris Academy 
said It was Imprudent for astronomers to make snob 
an announcement, for In 1771 announcements made in 
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tMtvo? had frightened the people oat of their wits. 
1*- 1771, a hundred yean ago, ticket* were offered for 
fnie purporting to be reserved seats in Paradise, and 
people actually bought those tickets. [Laughter.] la 
1889 they were not quite so bad, bat still they were much 
frightened, and many an for tun ate olroumstaooes hap- 
pened In France on account of that fact. They required 
to be told— anil then they were not comforted— that the 
mere fact that the comet passed the path of the earth 
would not interfere with the earth; that the pas- 
sage across the path of the earth would not 
In lure the path, for the path was not a material thing. 
The people were frightened, and' they were not certain 
that astronomers had calculated the path to exactly 
that there would be no collision. Bat that 
passed away', and nothing more was heard 
until 1846, and then tbe comet was found trav- 
eling on Its usual path, and to the great astoalshmeut of 
astronomers it was annouuced that the comet had 
divided into two parts, each having a distinct bead and 
nucleus. It was noticed bv Capt. Maury at the Observa- 
tory at Washington; but strangely enough, on the night 
when lie observed tbe comet bad doubled, tbe 
records of the German Observatory showed the 
comet to be single, and it would appear, 
therefore, that the greater clearness of tbe atmos- 
phere in America had euabled him to recognise 
the change before it was noticed in Europe. Two sepa- 
rate comets traveled along, side by side, and the strange 
circumstance was noted that they interchanged light; 
sometimes one and sometime* tbe other was brighter, 
as If there were communication between them. They 
were a kind of 81amese twlus. They passed into spuoe, 
and astronomers thought they could watch the comets 
again and ascertain how tbey were neparnted, but the 
comet was never seeu again. The year i860 came around, 
and astronomers calculated tbe path of the comet. 
Tbey looked for it They examined the path over the 
heavens a great distance on cither Ride, but they failed to 
recognise that ouiuet. I told yon that comet passed the 
pnth of tbe earth, and there are other systems which 
ttlfo cross the path of the earth. It was suggested tint 
tbe comet bad encountered meteor systems and split 
up, and was Again acd agaiu split up, and so vanished. 
Tou will see there was an Important connection between 
that and what we have learned since about tbe comet's 
. history. The year 1873 came, and that comet was again 
looked for. Other oaica'.atiaus were made as to its path. 
It was looked for more carefully, but in 1872 it was not 
aeon. I leave its history for the time, presently to re- 
turn to It. 

WHY SOMK TAILS ARC STRAIGHT AND OTHERS CURVED. 

There was a comet seen in 1868, and 'called DonatPs 
coined Here is a picture of the oomet as seen in Eo- 
gland, and tt looks like a plume, bat in America that 
comet was observed to have not merely the plume- 
shaped body, bat also a perfectly straight tail, and in 
some ^picture* two straight tails. Let as, in the first 
place, deal with that comet. Why Bhould Or tail of a 
oomet be eurvedf Tbe position of a comet' .ail is due 
to repulsive action, and if that rep e action 
take place Immediately* it U qui clear tbe 



tall will be swept into a straight line; and 
if you look at a straight lino, no matter 
how placed, ft would loo* straight. But if the 
process of repulsion takes place at a moderate 
rate, the tall would appear curved. You eao under- 
stand that a ourved tail b3bind a comet is due to repul- 
sion not taking place lnstautaneojsly. The head of too 
comet consists of two kinds of matter— ond was repelled 
with moderate velocity, very gre.it but moderate by 
comparison— and the other repelled with great velocity, 
and so swept off Into a straight line. It would be mani- 
fest to you, that being the ease, since there was a sep- 
aration of the matter in the comet's tail, that if the 
eomet's head was complicated in structure, there won Id 
be an Intermixture of the two kinds of matter, 
and the portion of tbe matter more readily repelled 
would escape, oarried off by tbe other tail, earned oil 
into the ourved tail, and at last would be swept away ; 
and perhaps a little later another portion would be 
swept away, and so you would see extending from the 
curved tail various streaks of this matter. Too. have 
here a picture of the ourved tall, and you will notice the 
variety of streaks thrown out from that— thrown 
straight out, indicating the action or that kind or process 
we have been describing. Matter more easily repelled 
was carried away with tho matter less easily repelled, 
and from time to tltno some parts were swept olT, 
so that there was a combing out of the tall of the larger 
part, while the straight tall rem lined perfectly distinct 
all the while. There was a curious fact Indeed ; and it 
seemed to dispose of Tyndall's theory that the tall of a 
comet Is not produced bv repulsion, but a certain kind of 
action produced behind a oomet, and bringing out as it 
were from space cloud-like matter. Here is a process 
which seems perfectly to correspond with the theory of 
repulsion, and it seems explicable in no other way. So 
that there is some force in tbe theory of a repulsive 
power exerted by the sun. 

EXPLANATION OF THB PLURALITY OF TAILS. 

I must remark at this point that we owe to Prof. New 
too or Tale College those views as to the formation and 
behavior of that cornet's tail. They occurred independ- 
ently to Sir J. Hersobel; but! found a paper contain- 
ing a complete account or all the phenomena of that tail 
had been published many years before. Now let as con- 
sider the way lu which the head is formed. There is the 
comet as it first appeared as a small round object, not 
more distinguished in appearance than the oomet of 1848. 
In time the comet- became lengthened, and then grew oul 
a till. There was in the first place the formatloo of 
a crescent-shaped object, and from either side of that 
object matter was thrown off The tail became divided 
behind tbe head. As time passed, all around the central 
bright part of the head, matter was raised from the 
head of tbe comet, even as Hersohel had found mattet 
was raised from Halley's comet; It was raised and then 
condensed and formed an envelope around the oomet 
Over onr rain-olonds the vapor of water is raised, and 
tbe process of cloud formation takes place again, so that 
we see two layers of cloeds; so after a time we begin 
to notice two envelopes were formed, and in race yoo 
can see the third envelope beginning to be formed 



re formed, that 
' v as tlM time wlion the comet, aa seen In Amerloa, had 
three talla. IE seemed m though the three envelopes 
each of them gave the material when a tall 
v Ha to be formed. And we are led In that war to an 
explanation of another comet, a very well-known oo met, 
the six-tailed comet of ITU. This wu called the sli- 
i ailed comet; but It seems to me that when we view the 
muttel In the way we have been considering It we should 
look npon that eomol as a three-tailed comet, not a six- 
t ailed. Ton will see clearlj- In a momaut that there la 
Bood reason for reducing the number of tall*.' 

A oomet eueh m the eomet of 1811 has around lie 
head an envelope formed, and from either aide of the 
envelope there la a> bright streak, with a dark space 
behind the bead of the cornet. Wo don't call a comet 
auch;uj liate two-tarfejoomet ; we ear it lea one-tailed 
Oomet, with the aides of the tail exceptionally bright. 
If we call that UN, wliero there are two bright 
Wreak*, a single tall. I think we should call this tail 
Where there are six bright atresia a three-tailed comet. 
We should regard tbe two outer streaks aa the outer 
streak* of the tall, the two next a* the outer 
aide of Ibe second tall, loaide the first, proceeding 
Awn nn Inner envelope as in this case, and the 
two Inside itreake us tbe aide* ot the third rail. That 
seems to be Ibe more natoral explanation of tbe matter. 
And then we remember wbut we are ao opt to forget, 
that oomet* have three dimensions, that they are not 
merely displayed before us as o picture, with length and 
breadth, but tber buve thickness also. If yon view 
them from any part they would present tbe sains ap- 
pearance. That six-tailed oomet la really a tbrea-tailed 
eomet, with one tall Inside tbe other, and doubtless It 
had three envelopes around tbe bead, and from theee 
envelope* were streaming away those 
proof of tbla wonderful repulsive aoiinn. 
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envelope* appear streak* of bright matter swears am 
on either side of the bead. In tbe other picture, taken at 
a later time, the two etreaka are dlailact, one from an- 
other. Hare 1* a wonderful process, and remember the 
'scale on which It lagniugon. Dr. Holme* spoke with 
poetic license of ten million cubic tulle* of head of Ihas 
comet, and ten million leagues of tall: tbe tall waa many 
times aa large as Dr. Holmes'* numbers. 

I most briefly touch on tbe theory of Dr. Tyndall, and 
It la well worthy of attention. Dr. Trndall we-nt 
througb this experiment : He bid a Ions tub", ap- 
parently eiearof all material subsbinoa exmpt air, as- 
sumed to be pure air, and wbut bappeued t He allowed 
a small quantity of vapor to pass into It 
by taking a imall niece of blotting paper, im- 
mersed in water, allowed tu dry, and then 
pnt Into tbe tube, and merely letting tbe air pas* 
upon It. It seemed aa If nothing was earned In, yet 
when the light from the eleotrio spark w.ie let Into it a 
cloud made Its appearaiire. He opened the tube, and 
■wept every thing a war except an Invisible residue. Tbe 
light from tbe electric spark m (aide tu shine upon Is 
again, and the oload again wa* formed, so that Dr. Tyn- 
dall aald he had an exact analogue of 
the tall of the oomet, and he considered 
that the head of the eomet, depriving the solar ray* of 
heating power by not allowing the heat tu pass through, 
left the nodule power of the ray* lathe matter behind 
the head of the comet, bringing down out of space) 
clouds funned la matter not belonging to the comet, but 
brought down aa the oomet'* tall; and Dr. Tyudail con- 
sider* that be oan represent not merely the formation 
of a comet'* tall, but all tbe appearance* presented br 
the headar even Douatl's complicated coniet. 

COS5ECTIOM Ot MSTBOEB WITH COKSTB. 

I puss from these facte, wonder ru I as they are, and 
introduce tbe inhjoot Of meteor*. Fur a long limo 
meteors were looked on as phenomena of our atmos- 
phere, but facta began so be observed which led to 
a dlfloreut conclusion. One fact was that tbe 
meteor* occurred in showers un certain 
days. Take, tor Instance, the Nov. 13 shower. 
What could It meant Why should a ahower of meteors 
take place on Nov. 131 There ia no reason why 
meteors should show brightly on the ism of Sdvouiber 
or any special day, ao far a* tbe earth waa concerned. 
But, on Nov. 18, the earth is passing a partloulur pari of 
its course. Iu November tbe earth, revolving around 
(he son, when sue ranches tout purt of bur course 
la k t lu ted by cot I si a missiles whleo' strike 
her atmosphere from without, and b.'como illuminated 
In punting through II. The tuferenon Is this. If a trav- 
eler In posslug-aloug a certain road found himself lu a 
certain plane ulwa>ssaluusd with a slower of stones, he 
would conclude that some mischievous persons In rested 
that purt of tbe ruud aud nuiusad iltemeelTe* at 
his expense. By the way, tUls Itlustrai Inn whloli I made 



by which tbe head and tall are formed. H 
*o the c her( 1 I* tbe brad of tbe OomeL U. 
^lio the different envelopes, connected one 
by bright streaks, and you oau perceive It 
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to England to salute traveler* -with missiles^ * c > n • • • * > u <n. and thsv would have snob and took 
(Laughter.] 

We suppose the ana in this place, and the earth In 
Vasal nc here is s aluted with a shower or stones. Thes 
atones would be carried by attraction to tbe sun, and 
there would be an end of the natter. How then does it 
happen tbat for centuries the earth is thus saluted on 
ratnlng there by these meteors and Oat the force of 
gravity has been resisted! If these stone* have a 
motion of their own, they can travel around 
the sun; there can bo always a stream by which the 
earth can be saluted with a shower of stones at that 
-particular place. To remove all doubt, let as reason in 
this way: If there were bodies traveling that way 
| Indicating it on the chart], and the earth was 
passing there, these stones passlug over a short 
part of their course, and tbe earth passing over a short 
part of its course, there would be a shower encountered 
by the earth, tiuppose a shower of xulu U falling from 
m particular part of the heavens, all the drops 
seem to come from a particular part of the sky,— 
from a particular direction. Tons also would appear the 
ahower of scones, only instead of having a oertain rela- 
tion to the horizon and the point overhead, they would 
be related to that particular part of the starry heavens; 
they would seem to rush from a particular part of the 
heavens ; and this has been actually observed. 

Prof. Newton of Tale College notified to the astromo- 
mersof Europe that there would be a great shower of 
November meteors in 1866 plaiuly visible both In America 
and Europe. In point of fact it was not well seen in 
America but in Eatrland, and we know the differ- 
ence of time is only a' few hours, so that you see how 
. closely he made bin calculation. 

PERIOD OF TUB MBTBOB STBBJLM8. 

As to the period in which they travel their course, it 
is a third of a century. That was the aotnal time when 
the last great display took plaoe, Arago being one of the 
astronomers wbo described it most olosely, and Hum- 
boldt described another shower in 1779. If they travel 
on their oourse, having a period of 83 years, we might 
account for the recurrence. 

But this seems too Immense. Thete ohJootA, a few 
grains in weight, have been traveling on such a course 
of 83 years, wbich would correspond to a course carrying 
them far away outside Uranus, and that seemed to Prof. 
Newton too grand, and showed that if they traveled a 
thirty-third part of the year tho same course that our- 
selves would follow, in another year they would be a 
thirty-third part behind, and tbe next year another 
thirty-third part behind, and the third year another 
thirty-third part liehind, and so on until tbe end of 38 
years, tbey would be brought to their place again. 

But, meantime, a strange fact had been discovered. 
The comet of 1802 waa noticed to pass that part of tbe 
earth's orbit corresponding very closely with the oourse 
la wbich the August meteors seem to come from, 
and Bohiaperelli said they may be associated with 
the comets, and SchlapereUl oonoluded that the 
meteors follow in the train of the comets, and supposing 
this to be true, it was possible to give the November 
jneteon a period of 88 years, which before seemed lnored- 



>; and that being the case the astronomers thought 
they would look for comets in the paths of meteors* 
They found that a oomet had been observed that very 
year 1866, traveling in that very course. There waa 
another strange coincidence— a small comet was 
seen traveling over the oourse assigned ^to 
these meteors. Prof. Adams undertook 'to 
show that tbe November meteors oaa have 
no other oourse than 33 years. It had been noticed thai 
where the earth encountered these meteors that pari 
of the heavens had been slowly advanolng in the direc- 
tion which the earth travels — the shifting ol 
the nodes owing to tbe attraction of ths 
celestial bodies— and Prof. Adams calculated whether 
the perturbation would be such if a year and a 
83d part were the true period o' these meteor**, and ho 
found that the perturbation would not be so great He 
then took a period of 88 years and he found that tlia 
perturbation would be as large as it was observed; *• 
that he was the first to demonstrate that they did travel 
in 83 years. 

Bvery thing scorned to be done to show that the 
meteors traveled in the track of the comets. But ons 
test remained, and that was to predict tbat aftet 
a comet bad passed a oertain place there would 
be a shower of meteors, and the prediction would ho 
confirmed ; then there would be a new tun I of evidence. 
And that evidence was given by that very Biela's comat 
which frightened people so much in l&u. whtoa van- 
ished in 1866, and was again looked for in 1872. Alexan- 
der Hersohel* in Eagland, predicted that when the earth 
oame to that part of her orbit, Nov. 36, 1873, there 
would be probably a great display of meteors. 
That happened. It was a glorious display in Eagland 
and America, but it was still more gloriously seen in 
Italy, where it appeared with all tbe glory of the largo 
meteor?, with a great number of minuto ones. That 
shower oame from the foot of Andromeda, or the exact* 
path that the comet would have followed if 
it had struck the earth. Then came in a 
curious feature. It was suggested that sinoe 
this meteor shower bad struck the earth, why should 
not the astronomers on the other side of tbe earth look 
out for them or the comet there 1 It was said that it waa 
Biela's oomet which had struck the earth. It touched 
the earth on Nov. 39. The comet was looked out for near 
the shoulder of the Centaur. A nebulous o»»Jeot was seen 
aud Identified. The next morning it was seen again and 
it had shifted. Tbat was not the end of tho 
matter. Astronomers made a calculation to see if tho 
meteor path accorded with expectations, but found it 
did not ; tbey were far behind— many weeks behind. Bo 
it seemed shown that there were streaks of meteors 
traveling from the direction of tbe comet's oourse. 
These are a few facts tbat show that meteors are associ- 
ated with comets. More than a hundred meteor streams 
are encountered by the earth within a year. It has 
been discovered by Prof. Newton that this earth en 
counters about 400,000.000 meteors every yeai. We have 
then a very striking feature in the economy of our solar 
system. The meteors are following the oourse of the 
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domett* In fact, there Is every reason to believe that 
there li so /treat a gathering of cometary matter follow- 
ing these meteor tracks, that when we see the sun Id an 
eclipse we should see a gathering there, as we do soe in 
the corona. 

■YIDENCB THAT MOTEOBS ABM EXPELLED FROM. THE 

LARGER PLANETS. 

In this lecture I promised to give some account of 
what was expelled in those great explosions from the 
sun. If I was to say that the comets were soot out of 
the sun, you might be startled, or if I asserted that they 
were also thrown from Jupiter and Saturn. But the 
evidenoe of that is very curious. In the first place, wo 
know that matter is shot put from the sun, with a velo- 
city so great as to be curried far away 
from him, and so would travel forever away 
Into space. That has .only been observed a few times, 
bat It Is probably very frequent. The matter which was 
expelled, If it struck the earth at all, would strike in the 
daytime. If the sun is over there and the earth is here, 
the side of the ear in toward the sun will be the iliu mi- 
nated aide. The meteorlo matter ooinlug from the sun 
ean only strike the illuminated part, which is the day- 
time. You throw a stone at any object, it must 
strike the side of the object you aim at, that Is turned 
toward yon. Humboldt mentioned that the largest 
number of meteoric masses had fallen in the day-time. 
But then this is scarcely sufficient. The lariror aero- 
lites have been examined aud their microscopic struc- 
ture studied. Sorby of Sheffield has examined them, 
and says they consist of a number of small glob- 
ules, and were evidently originally in a va- 
porous state before assuming their present 
state, or were at one time in that 
condition. Then came a chemioal analysis by Prof. 
Graham and Chandler Roberts of London. They 
found in the iron of the meteoric mass more hydrogen 
than iron contains in a natural condition. Prof. Gra- 
'nain, who was a very good chemist iudeed, said that in 
his opinion certainly that meteor, that Iron, had been 
expelled from one of the stars that people space. He 
pointed ont that there were stars that contained 
hydrogen in their atmosphere. These are some 
of the facts connected with the larger meteorlo 
masses. How shall we account for thesn meteorlo 
streams of which I have been sneaking 1 I have men* 
tioned one as traveling close to the path of Jupiter. All 
comets of short period have paths closely approaching 
those of some of the large planets. That particular one 
went close to Jupiter, about seven years ago, long be- 
fore the explosive power of the sun was noticed. I call 
them Jupiter's comet family. 8ir John Herschel said that 
It was very curious tbat they had that relation. If we 
put forward the theory that JuDiter expelled these 
comets, we have a very startling theory, but many of 
the, theories which have been propounded, some of the 
most important character, and which have proved to be 
true, have been the most startling. It is said that as 
Jupiter, Saturn, and Uranus go on their paths, they 
draw in the comets which travel close to them, and oap- 
ture tltem. I made a calculation about the November 
meteors to see how close they must go to the path of 



Uranus in order to be captured, aud found that tfcey 
must approach nearly as close as the nearest satellite* 
Only those which came almost in contact with the planet 
could be captured. Now, if they were shut out when 
Uranus was as a smaller sun, then it would be explained, 
whereas we find groat difficulty In Imagining that a 
comet coming out of space would be cap- 
tured bodily .by a planet like Uranus. Let 
us consider thus: if comets are expelled from a 
planet, they will be carried along with the forward 
motion. If it could appear that some of them went 
backward, then we would have no evidence of the the* 
ory I have been advancing. If most or them travel for* 
ward, then we should have some evidenoe for the tile- 
cry. Now there is this curious fact that all the comets 
of short periods, the whole of Jupiter's comet family, 
travel forward. They do not travel in all directions 
of slope; all nave a very moderate slope to the path of 
the planet. They do not have the slope even of some of 
the asteroids. That Is precisely what we notice— tha 
they travel very much with Jupiter. Taking the baV 
auce between the two theories— that of expulsion and 
that of capture— it seems to be in the favor of the more 
startling one— that Jupiter has had the power to expel 
these objects. 

The comets that are comimgfrom interstellar space 
have some of them taken eight millions of years to 
make their Journey, and we have no reason to think 
that it is tneir first visit to our solar system. They seem 
to be floating from sun to sun. During these immense 
periods of time our sun and the whole of the solar 
ystem have undergone changes. Danati's comet 
s an illustration of one of these long periods. The Xaets 
must be remembered, tbat while showers of meteors are 
unusual phenomena, meteorites fall every day and 
every hour of the day. Our earth is absolutely growing 
by these falls. The time is actually past when the eartn 
is growing visibly, but yet immense amounts 
of matter are added to it in this 
way. And not only the earth, but the moon and Mer 
cury, and we may say all the planets are growing undo 
this meteoric downfall. How are we protected from 
this downfall, with 400,000,000 or them every day f The 
rate at which they arrive is very much more rapid tban 
that of a bullet. If there was no protection 
we should certainly be destroyed. That protection Is 
the atmosphere. When a meteor enoou liters the acmos- 
phore its velocity Is first reduced, and then it is con- 
sumed through the heat wbi"h is gouerated, and falls la 
the shape of a vaporous dust. On the tops of moun- 
tains the material of these meteors has been found. 

I A diagram of the appearance of the sou's corona was 
shown.] It would appear here as if there was an aggre- 
gation in the sun's neighborhood of the matter thrown 
off from the sun with the aggregated gathering or the 
men ortc masses. These appearances of changes taking 
place, not merely In the present but in all past 
time, teach us the reality of the truth of 
those words of the Psalmist, "The heavens 
declare the glory of God." They seem to 
have a real meanln*. " The heavens declare the glory 
ofGcdsacd the fliutaect sLcwetb his handiwork 
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PftT onto day uttereth speech and night unto night 
Showeth knowledge. There it no speeoh nor language 
bat their voices are heard anion? them." 



TRANSIT of VENUS — The MOON 

FOURTH LECTURE OF B. A. PROCTOR. 

BOW THE TRANSITS OF VENUS ARE OBSERVED— THE 
IMPORTANCE OF THE TRANSIT OF 1674— THE 
MOON'8 ASPECT AND MOTIONS — HER SERVICES 
TO THE EARTH— LAPLACE'S IDEAL MOON— LUNAR 
PHOTOORAPHT— THE MOON DESTITUTE OF WATER 
AND AIR — THE MOON'S PROBABLE HISTORY, 
6HAPE, PRESENT CONDITION, AND APPARENT 
VOLCANIC PHENOMENA. 

Prof. Richard A. Proctor delivered the fourth of 
bis series of lectures on Astronomy at Association 
Hall on Jan. 19, the subject treated being "The 
Transits of Ven as and the Moon." Ingenious diagrams 
were employed to depict the various appearances of 
the moon as observed through the telescope, and de- 
lineate the path and points of view for the coming 
transit of Venus, which occurs tills year, and which 
is at present a topic of greatest discussion and inter- 
est to astrouomers. The audience was very large, 
and the lecture was listened to throughout with the 
closest attention. _ 

THE LECTURE. 
It has seemed well to the gentlemen who 

have arranged this course that a few remarks should be 
made upon a sublet at present attracting great interest 
among astronomers— I mean the question of the ap- 
proaching transit of the planet Venus. Ton know, of 
course, that on this transit depend the best methods of 
determining the distance of the sun, and that upon de- 
termining the sun's distance depends our estimate of ali 
the dimensions of the planetary system. Therefore that 
Is the fundamental problem of astronomy, because 

to the stars also, our ideas 
one fundamental measurement 
it happens that the planet 
between the earth and the 
sun, enables iw to measure that distance in a manner 
very easily explained. Wo know that the distance from 
Venus to the sun is to the distance of the earth from the 
sun as five to seven. If observers at the north and 
at the sooth of the earth's globe look at Venus at 
a time when she is directly towards the sun, the 
southern observer will see Venus at the highest of those 
Stations, and the northern observer will see her at the 
lowest of thoce (stations; say they are 6,000 miles apart: 
then we know the distance apart of (be Hues that Venus 
appears to hare traveled on the surface of the sun is 
16,000 miles, and then we know the whole diameter of 
the sun is so and so, because we can compare it and 
know it is proportionately so much lareer. We ascer- 
tain the diameter of the sun, and if we know the 
sue of any object and know how large it 
looks, we know how far away it is. Tou see that 
baring this distance of 6,000 miles we ascertain that 



when we pass on 
depend on that 
of distance. Now 
Venus, by coming 



distance of 15,000, and afterwards, knowing the diam- 
eter, we know the distance of the sun. But then It Is 
not possible for observers to note the planets at two 
points like that, because they are not in communication. 
Those two observers at distant places oannot work at 
the same moment. The southern observer watches 
Venus crossing the sun's face on the northern track, the 
northern observer sees her on the lower track, and If 
they note how long a time she takes, they determine how 
long those two tracks are, and then it is a simple prob- 
lem in geometry to teli the distance of one from 
the other. Tnat Is Halley's method. Again, you will 
notice that the observer who sees Ven us traveling this 
longer course will see the transit begin earlier than the 
observer who notices ber traveling the shorter course* 
Therefore, if one observer is placed where Venus begins 
as early as possible, and another is placed on the earth 
where Venus begins as late as possible, by comparing 
those two moments it becomes a mere geometrical prob- 
lem to tell where those chords are and how far apart 
they are. This is Dollsle's method. Halley's metnod 
requires only two observations of the length of time 
Venus takes. If they have a very ordinary kind of 
dock, so long as it does not gain or lose during the 
time their observations are in progress, their result is 
achieved. 




DELISLE'S METHOD OF OBSERVING THE TRANSIT. 
A, B.stations on npposit • sides of Um *arth. A a. part ot the eaTsVs 
orbit V, Venus. C 1> and K if, aopareat paths of Venus on the son. 




SUIT'S DISK WITH TRANSIT THUS OBSERVED. 
Upper and dark hna:e of Venus as se«n from Southern 
lower and light image aa seen from Northern Hemisphere, 
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Bat the case is vexy different . with those observers, 
who employ Dellsle's method. They require to know 
she absolute moment, because one observer is as far 
away as possible on the opposite side of the earth from 
the other. They cannot communicate, and, therefore, 
the only way tbey can compare their time is by knowing 
the true time at their station. But in order to know the 
true tame it is necessary that the* longitude should be 
known. Suppose Id England a certain event happened 
at 5 o'clock in the afternoon; then you will know it in 
New-York as earlier by five hours. It would certainly be 
difficult to be accurate within a second or two. Now, in 
order to apply Dellsle's method the two observers 
mast know the true time of their stations within 
a second or two, and while this obstacle 
night be surmounted in such places as 
Greenwich, Washington, Paris, 6c, yet It would be very 
difficult to do It in a desolate place or island on the 
earth's surfaoe; and that is the difficulty or Dellsle's 
method. [It is very well worth noting that during 
seasons of observations made between Greenwich. Paris* 
and Washington, the Washington observers, by making 
• comparison between those results, found the true 
difference of longitude between Greenwich and Paris. 
American astronomers were the first to give the true 
difference of longitude between Paris and Greenwich.] 
Ton will notice what we have to do in these two methods 
are two very different things. Halley's is easy, and the 
other is difficult. 

Then comes the history of those matters by which the 
observations of the next two transits have been deter- 
mined. By an unfortunate mistake In 1857, repeated 
later in 1868, the Astronomer Royal of England oame to 
the conclusion that Halley's method could not be applied 
to the year 1874, and he oame also to the conclusion that 
it could be applied to the transit of 1882. Therefore, 
observations were to be made by that method in 1883, 
and expeditions would have been prepared for that pur* 
pose, when I chanced, in looking over the arguments of 
the Astronomer Royal, to discover that ho had arrived 
at a conclusion that was erroneous. I found those state- 
ments must be reversed \ that it is in the transit of 
1883 that the latter method must be applied, while this 
year Halley's method can be employed with great cer- 
tainty. I made the statements accordingly. These pic- 
tures indicate the point on which my reasoning was 
based. Here is the earth as seen from the sun at the 
moment the transit begins. Therefore at any place 
now In view the becrlnnlng of the transit must be seen. 
Here Is a picture showing the earth when the end of the 
transit of 1874 can bo seen. Now, you notice the begin- 
ning occurring here in North Asia, Japan, Ac.; the 
end can also be seen in those regions. Bo tbat the be- 
ginning and end are thus Been. There is nothing to be 
done but to place observers in those parts of the earth 
and they, seeing the beginning and the end, will know 
the time it takes. Southern stations also exist, as you 
see. for seeing the whole transit. Therefore, there is 
nothing to prevent northern and southern observers 
from making those observations necessary to Halley's 
method. The northern observer will notice Venus at 
ffeo lowest of those lines, while the southern watcher 



will see the uppermost or shortest of those ttnee, 
Everything they want is ready for them, axidalf 
hat is necessary is, that another observer should bet 
sent to this part of the oarth, to ttiis more 
region [pointing it out on the dlagraml. and then 
whole thing can be accomplished. . »"* 

In the transit of 1883 there Is a different state of 
things. Here is the surface of the earth at the begin* 
ning of the transit in 1863. Here is North America. 
New-York and Washington are there, and the beginning 
and end or the transit can be seen from that northern 
region ; but there is no Southern place where the whole 
of the transit can be well seen. There Is a great ohaaee 
between these former features and those we have now* 
The transit will only last four hours In 1874. Tne 
chord of the transit is very short. In 1883 you will 
notice 8outh America Is carried right away the other 
side of the earth, and the result is there will be a very 
great change in all the stations. You will notice the only 
southern station where the beginning and end of the 
transit is ever seen is in Possession Island, ana another 
here at Repulse Bay. But although they are in view 
there, they are so close to the edge of the disk as 
the beginning of the transit that at that moment the 
eon, I found, wonld only be four degrees above (he 
horizon. It becomes a difficult problem, a very difficult 
observation, to tell within a second or two when Venus 
touches the inside of the sun's edge, and that observa- 
tion cannot be made when the sun is so low down. 

KB. PROCTOR'S EFFORTS TO OBTAIN A HEAROTO. 

Then you see the condition of the two transits. Yon 
may know that America has done more than her share 
in that matter. There are as many as seven stations to 
be occupied by North American observers in these 
northern regions, and then, beside, they are aendV 
lng observers to this southern region. In this 
controversy, I must admit I spared no e*» 
forts. At the beginning of last year, when 
I found the time was drawing near, I used all 
means to get my views urged as strongly as possible. 
The whole controversy has been about this point I 
whether England will change the arrangements oris> 
molly made to select and search out the place in which 
to see the transit from the Southern regions. I spared 
no eflbrts— writing in daily, weekly, monthly, quarterly 
papers, for which I was abused right and left— to insist 
upon the true viewB of the matter. It is objectionable 
always to insist upon views, unless there is good reason 
and the time Is near wheo a decision must be taken. 
Peeling that no time was to be losr, I for the moment 
neglected that rule. In order to press my arguments! 
and last June, at a meeting at the Greenwich Observe 
tory headed by Prof. Adams, the greatest of astronom* 
leal mathematicians, is was proposed that measures 
should be taken to search over the sub-Antaro- 
tio regions, and the proposition was mans* 
imonsly carried by all the astronomers present 
That has already been done, and I hope good results 
will be obtained. One other point I notloed in making 
my examination. By another great mistake of the 
Astronomer Boyal— who, It should be remembered, hat 
other duties to perform at Greenwich* which take op ell 
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tits 1fcn*-*4Ms particular roglon on tho chart here lu 
India* where the beginning and end of tbe transit will 
be seen, was overlooked* It happened that the name of 
the map fell exactly on that region and obscured It, so 
that the mistake arose* I reooguised that region, 
and after a shorter s. niggle of about two years that 
region has been selected for a new station, so that the 
transit will also be observed from that point. 

• If I mention this, it is because some reason must be 
0ven In excase for the opposition of a comparative be- 
ginner against one not merely standing high, but de- 
servedly standing hlgb, as does the Astronomer Boyml, 
No man living has done so much for the cause of astron- 
omy, given so many years of his life to tbe work, and has 
labored so energetically in it, as the Astronomer Royal. 
But the time was approaching when It would be too late 
to speak, and manv years must pass before a similar oc- 
casion would return. This induced me to come forward, 
and nothing would have led me otherwise to take so 
energetic a part as I have done in this matter. Now I 
leave this matter of tbe traosits of Venus to pass to the 
etudy of the moon. 

THE MOON A8 A GIVER OF LIGHT. 

When I dealt witb tbe sobjeot of the sun, I spoke of 
the worshipers of the Bun, who knelt down to him and 
regarded him as the ruler of their destinies, but there 
were nations wbo worshiped the moon, and if we In- 
quire into the reason of such worship we very readily 
Und it. We notice that Job speaks of tbe moon as walk* 
4ng in brightness, and be speaks, too, of the subject of 
the moon's worship. It was natural that men should 
.worship the moon. The ancients worshiped any body 
-that seemed 10 move upon the heavens* and, therefore, 
they worshiped the sun, the moon, and tbe planets, 

• Now this orb that moves around tbe earth seems to be 
there in order to give light during tbe nighttime. Let 

m see what astronomy has taught us. It teaches that 
.the moon is very much smaller than the earth, with a 
diameter of 2,100 miles. She Is distant from the earth 
238,828 miles. The surface of the moon Is less than the 
earth's in the proportion of 1 to 18f. In other words, the 
. surface of the nioou is about 14.600,000 square miles, equal 
almost exactly to the surface of North and South Amor- 
loo, It is also equal approximately to the surface of 
Europe and Africa taken together. If the moon is the 
abode of lire there is plenty of room for life there, and It 
is an interesting question whether she now oan maintain 
life. We know that the volume of the moon Is to that of 
the earth as 1 to 49|, while her density is rather less than 
that of the earth, so that her mass Is to the earth as 
•bout 1 to 81. V " 

First of all, as to the offices of the moon. If it is shown 
that she discharges important offices to the earth, you 
will see that we are no longer bound by the argument of 
design to recognise her as tbe abode of life. First, we 
know she serves for the division of time, She rives light 

• by night. God set His lights In the expanse of heaven, 
the greater to rule by day and the lesser by night alter* 
nately. There is a service performed by the moon which 
la to regular as to suggest that perhaps the Almighty 

• Intended the moon for that special purpose. 

. Laplace went so far as to say If he had made the moon 



he would neve mads it much maro useful to man. He 
would have put it four times Its present distance away 
from the earth, when it would be far enough away to be 
a full moon and give a regular light continuously by 
night. The first objection to this is an astronomical one, 
for of all nuisances tbe moon's liffht is one which the 
astronomer dislikes most, especially at a time when he 
wants to study some nebula), or some barely visible 
comet; at those times the moon's brightness seri- 
ously interferes with his observations; and I am 
surprised. Indeed, that Laplace, himself an astronomer 
should have suggested so incoovenient an arrangement 
as that. But there are other difficulties. If the moon la 
in that condition she would always have to be opposite 
to the sun. The sun would go around once a year and 
the moon also. The moon would no longer be a measure 
of time, she would no longer rule the tides in the same 
way. Uhe now raises a great wave called the tide-wave, 
represented in bight by 8. Tou nave another caused 
by the sun, represented by 2. Those two waves art 
sometimes combined in a single wave, and ad 
together, sometimes opposing, sometimes coalescing. Ao» 
cording to these changes, the tide varies la bight from 
the difference of 5 and 2 to the sum of 6 and 2. That Is to 
say, 8 the least hight aud 7 the greatest. Tuat Is a very 
Important matter. It is of great service, as 
any one who lives by tbe seosbore knows; 
it is of great interest to tbe shipbuilder and 
merchant that there should be variable tides, 
that there should not always be high tides, nor always 
low. That Important service would not have been sub- 
served by the moon if the consideration suggested by 
Laplace had prevailed. There is another very im- 
portant service. Tbe moon enables the astrono- 
mer or seaman In long voyages to ascer- 
tain the lougitude, which is nothing more 
or less than the true time at the observer's station. If 
she moved 12 times more slowly she would be less fit to 
Indicate the time in exactly the same degree as the hour 
hand of a watch is less fit than the minute hand. There 
are other very great and Important advan- 
tages of the real moon over that suggested 
by Laplace, which I wonder did not occur 
to a mathematician such as he, the only man who ever 
lived of whom is oan be said '• He was the rival of 
Newton." He himself said Newton was fortunate in 
having lived before him. In another man it would have 
been rank conceit, but in Laplace it was considered as a 
Just statement. Tet be failed to notice, when he sug- 
gested this moon's being four times further from us, that 
under his conditions if spread so as to give the aame 
light, the material of which the moon would be made 
would be lighter than any solid element known to us. I 
think it was well that the Almighty did not take oounsel 
from Laplace in creating the moon. 

TELESCOPE VIEWS-TOE MOON HOAX. 

I pass from these considerations to the telescopic study 
of the moon. When we think how near the moon is, the 
planet that eomes nearest to us being 180 times further 
•way than the moon, eertalnly the hope would seem 
natural when Galileo first turned his telescope to the 
moon that he would discover signs of its fltneia to be 
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the abode of life. We now what happened. He found 
there a surface covered with mountains bo that he com- 
pared them In number on the moon to the "eyes" cm a 
peacock's tall. Where there appeared to be dark 
surfaces of a level nature he called them seas. 
Be found them to be really solid, and afterward tele- 
scopic observations wont on, and all that waa found was 
the gradual enlargement of these features, and the reve- 
lation of new details, but nothing to suggest that life 
existed on that arid surfaee. Men went on hoping that 
wito telescopes of increased size more would be ob- 
tained. It was thought that with HersohePe great tel- 
escope something more would be determined. Hersohel 
thought he could recognise in the bright part of the 
moon slgna of volcanic action, because he aaw a faint 
light as of volcanic eruption. We know it was only the 
reflected light of the earth. 

Other efforts were made, and it was at that time that 
some one in America, u Mr. Locke, conceived the idea of 
publishing that strange book, tue Moon Hoax, whtoh 
misled not only the mass, but those who were well edu- 
cated. .There was great ingenuity displayed In the 
method of its construction. There Is the conversation 
between Brewster and Sir John Hersohel, the enthusi- 
asm of Brewster, which is very comically described, as 
he It aps from his seat and, catching Herschel by the 
hand, exclaims, "Thou art the man !" 

Then a curious appearance of different flames, and 
then animuls which seemed to escape away whenever 
the observer tried to fix his attention upon them; and 
the Bat-men— monstrous creatures— and the compari- 
son between these Bat-men and the militia of London. 
At this point the story seemed too absurd for belief; yet 
we can imagine the impression it made, when some one 
wrote to Sir John Hensohel from America, asking If it 
was true, and urging means of conveying religious in- 
struction to the poor benighted Inhabitants of the moon. 
[Laughter.] And, strangely, at a quite recent time, the 
idea has been suggested of studying the 
moon, so as to discover living creatures 
there, by the same method. I saw a few days ago in an 
American paper an idea based on the same mistake that 
existed in that Moon Hoax, only there it waa not a 
mistake but a trick. If you have the image of the moon 
photographed to perfection, it seemed aa though you 
might magniry that image by the microscope and see 
objects of half a mile or less in size, if not recognise liv- 
ing creatures. But this is the same mistake as those 
make who believe in the transfusion of light. What the 
astronomer does when he sees the moon through a tele- 
scope, or when he takes a photograph of the moon is 
to magnify the image aa much as it will bear. 
If he inter poaes a screen and tries to magnify the image, 
he la magnifying a moon less perfect; his best chance is 
by looking through the eve-piece at the image in the 
focus of the telescope. There is a limit in the telescope 
beyond which it cannot be increased. I heard, a few 
days ago. that the observatory to be established on the 
Bocky Moun talus will bring the moon within thirty 
miles of us ; but that is impossible. It is not a question 
of a place above the atmosphere, seeing the moon 



but the optioal difficulty. She settee! 
formed by the object-glass of the astronomer 
has defects, and if you magnify it you magnify the 
defects. When you get beyond a certain point it is use* 
less to magnify the image as it appears, and there is no 
hope of any Mesoope larger than Rosse's to get a close 
view of the moon. [The best view of It obtained, per- 
haps, is that at the Cambridge Observatory.] We have 
images here taken by the Cambridge refractor, and there 
are all the details, as you see, of the craters and fUws 
and irregularities of surface, but no sign of life can be 
seen. 

EVIDENCES OF ABSENCE OF ATMOSPHEBB. 

When we begin to inquire into th« relanons of am 
moon, we see how hopeless it is to expect signs oMife, 
We have an orb having no atmosphere, or a very 
shallow one. This is shown by the fact that shadows 
thrown by the lunar mountains are seen as these black 
parts, indicating that there is no considerable atmos- 
phere. An observer watching our earth from the 
moon would not see black shadows but dark 
shadows, of greater and greater darkness, but 
there would be a certain amount of lignt In 
the valleys all around the mountains; for we 
know we oan stmd on a mountain top when the sun is 
rising and see that the valley below is not black : there 
Is twilight there, and it comes from the atmosphere. If 
there were atmosphere in the moon, an observer from 
the earth would see shadows thrown all around the 
mountains, but not black ones. The blackness of the 
lunar shadows shows that there is no illuminated sky 
such as ours, no atmosphere to Illuminate those regions* 
and that is the first proof that the moon has no appro* 
oiable atmosphere. 

On our earth, as you know, there is a twilight surfaee 
extending a very great distance, whloh divides true 
sunlight from the place where there is no sun, and the 
twilight surface extends over 18 degrees on the earth. 
On the moon we can recognise no twilight surface what- 
ever. Look at the earth from ,the moon, the picture of 
the "new" earth, when the earth is between the sun and 
the moon, and there would be seen all around the black 
disk of the earth this twilight. We, as you know, on the 
contrary, when we have a full moon, see 
the edges sharply defined ; it is only the 
same circle, no extension on either side by twilight sur- 
face. That is the second proof of It. Yet another proof 
of it. When the moon passes over a star, the star flashes 
out suddenly ; if there were an atmosphere round the 
moon, that star would be seen precisely as our sun when 
sinking. When he sinks, though he seems not to pass 
below the horlson, yet he is really below it, 
and a line drawn from the sun to the earth 
would pass below the horlson. There oan be no 
doubt that if yon are looking at the earth from 
the moon, you would see the stars olose around the 
earth, when they were really behind it, they would be 
raised by refraction of the earth's atmosphere. Now, la 
the moon's ease, we see nothing of that kind. A star, 
even some telescopic star, Is visible in one moment on 
the moon's edge, and the next it is gone. These are 



through the rarer porta of the atmosphere, . three convincing proofs that the moon has no appreoi*. 
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Me atmosphere, and If It bat no atmosphere, tbere 
can to no life inch at we know. There 
tnay be Ufa of other forms Inconceivable, and 
li would be idle to Inquire wbat they may be. I bolleve 
tbere to bo life. I flod a limit to where lire to on our 
earth. We may say the conditions on our earth are not 
the same throughout— greater or less light, lees moisture 
or more moisture ; but we find that these conditions 
really limit life on the earth; beyond a certain bight on 
the mountains thore is no life except of mere animal- 
col® and these carried up by the air ; and so far as 
analogy teaches ns we must believe that there to no life 
In the moon. 



THEORIES TO AOOOUJTT FOR THE ORJLTBRB. 

Besides, there is no sign of water. We oan recognise 
legions, such as those inclosing the floors, whioh 
sometimes perfectly level, and sometimes show 
and marks, and they always remain un- 
changed. If there were water, tbe water under that 
■hallow air would be raised Into the lunar atmosphere, 
find Increase or decrease these markings. 

Now, ft certainly seems probable at first' sight, while 
tbe aspect of the moon Is such as I have described, that 
at one time or other there must have been a great 
amount of vapor around it. All the craters 'must have 
thrown out enormous quantities of vapor. There are 
those who say, as Prof. Mallett of England, that there 
are no voloanoes without the aotlou of water. If that 
be the case, thesj slaws of past volcanic action in the 
tnoon are due to volcanic eruptions, and there 
must have been water on the surfaoe. 
What has become of the water f There are four sug- 
gestions made in reply. One, that a comet carried away 
the lunar oceans and atmosphere. We give up that at 
once. It was the theory of Whlston, who aooused New- 
ton of being Jealous of him, and Whiston's name baa 
been nearly forgotten. He thought that a comet would 
cause tbe destruction of the earth by fire, unl that one 
had already done so by water. But we know that while 
tbe moon might get something from a oomot, no oomet 
•wild draw anything from the moon. 

Another one I was once attached to. Is that the surface 
l» 'overed with froseu snow. I was one of those who 
Hi id Into theory, and as It Is exploded I will take It for 
my own. Say thd white surface Is covered with snow. 
That whiteness must be accounted for, and there are 
signs of a great downfall of snow, and glaciers, and the 
at luoapbere also may have become frosen. Carbonic acid 
gas may be frozen Into something like snow. Tbe 
Objection to that theory is that the moon Is not white: It 
is inoro nearly black than white. I dare say you remem- 
ber Br* fyndairs telling you that If the moon 
was Mack, It - would yet be white in the 
sky. Measures ' of Its light have been taken. 
and It appears that It Is no whiter thau weather- 
bo. i ten brown sandstone. 81r John Hersohel discovered 
It thus* Be noticed the moon setting by a mountain of 
sandstone, and their respective reflections of light were 
the samo. Certain parts of the moon are brighter than 
others, and from Zollner*s observations It seems that 
these may be looked on as white, but great portions of 



the lunar regions an probably darker vary much than 
our ordinary skies. 

Another explanation in that the lunar oceans have 
been withdrawn Into the substance of the moon. Mars 
has oceans smaller than ours, when the earth Is com- 
pared with his dimensions; and we may suppose it due 
to the withdrawal of a portion of the water Into the 
planet. The planet in cooling contracted and left spaces 
into whioh a portion of the water withdrew. We should 
find reason for believing that Mars, a small planet. In 
cooling, cooled so much ,that all the water would be 
withdrawn into the interior. But there to a difficulty In 
that; the atmosphere remains unaccounted for, and It 
seems difficult to understand that any atmosphere of 
moderate extent would be withdrawn entirely within 
the lunar cavities and give no sign of exlstenoe. 

There remains yet another theory— that the moon to 
egg-ehaped, and the center of gravity being displaced on 
the further side, has carried to that side the oceans and 
air of the moon, and that the side of the moon never 
toward us may be a oomfortablo abode or lire. The little 
end of the egg toward us has no waters, and they are 
drawn to the further side. The one objection to that Is, 
that if the moon to egg-shapod, tbe oceans and the 
atmosphere ought to be on this side instead of 
tbe other. If the more pointed end of the 
egg-shape were toward the earth, It would 
correspond to a hill of matter, to a pile of it on our side. 
That pile of matter would act as an attracting cause and 
draw the oceans and ths atmosphere from the further 
side to this side; and we find, so far as I oan see, no 
theory accounting for the displacing of any former 
oceans or atmosphere in the moon. We have great diffi- 
culties to account for, and we may flB J reason to do.ifot 
whether the signs of volcanic action Indicate eruptions, 
or whether they may have been produced by forces act* 
lng from outalde. 

PHOTOGRAPHIC PICTURES OF THX MOON* 

We will now have tbe room darkened, and pass to the 
examination of this picture. This picture of the moon 
in the first quarter is not that which you see with tbe 
naked eye. Ton see It left for right, because in the tele- 
scope one always sees it this way, and it is preferable 
to follow the plan In the books on astrouomy and show 
the pictures as shown by the ordinary telescope. We 
will now have the second and third quarters. The pho* 
tographto stndy of the moon was commenced by your 
American countryman. Dr. W. H. Draper, in 1810, and 
one of the works we study is so much in advance 
even of those men of the present day that we owe a 
great deal to Dr. Draper. He began in 1840 his 
photographic work on tbe moon, and that work 
greatly Increased In perfection. Mr. De La Bue of En- 
gland got a mastery of photography, and Mr. Ruther- 
ford of NewrYork made maps which Mr. De La Rue 
acknowledged frankly were better than any ona of bis, 
owing to the clear atmosphere of New-York. Dr. 
Henry Draper made Inner photographs earlier. I have 
bad no opportunity of comparing his with Mr. Rather- 
furd's, and I should be sorry for you to suppose that in 
tne superiority attributed to Rutherfurd's photographs 
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I was making a comparison between Mr. Baiherfnrd and 
Dr. Draper. 

There yon have a plot n re of the fall moon, and you 
will notice how exceedingly dark these ridges are on 
the bright upper region o* the moon, and that wonder- 
ful region which is called Tyoho, and that wonderfully 
bright region where crater overlaps crater, even as it is 
there shown by the photograph and more remarkably 
by a telescope of great power. Dr. Schmidt of Athens 
has been counting the number of these craters, and 
that number has jrone on growing greater, nntll 
at last a map of so many has been made 
that they cannot be distinguished one from another. 
This work of Dr. Schmidt's was the noblest work of that 
kind that exists, and it is very unfortunate that we can- 
not get money enough in Europe to publish it, and 
make him some remunerntion for the work of so 
many years. We will now hare a map of the gibbous 
moon, passing on to the third quarter. This picture is 
by Mr. Butherfurd. Around the right of the moon we be- 
gin to see a region about which a very Important discus- 
sion has lately taken place. Low down on the right is a 
•mall dark round spot, on this curved bright streak. In 
the middle of that is this dark round spot, called the 
Floor of Plato. It looks very dark indeed, especially in 
the case of the *ri\>bous moon. In the next picture you 
will see how it becomes apparently lighter. When this 
is looked at closely, aud certainly when looked at 
through a telescope, it is found that it looks lighter at 
the time of the quarters than at the time 
of the full moon when brightly illuminated* 
Now, it haB been suggested that on that spot 
some process of vegetation is taking place. In that 
case we should have a very striking fact of some 
ehange taking place there. Unfortunately for that, it 
happens that there is also a strong argument against tho 
theory that there has been any real change there. Of 
course when you view the spot at the time of the quar 
ters you have shadows thrown ; and in contrast with 
those shadows, the floor of that spot naturally looks 
lighter. Whereas in the case of the full moon, ail around 
it there is a brightly illuminated region. The mountains 
have a great illuminating power, and therefore by con- 
trast the 6pot looks dark. I have made the calculations 
m.v self, and found that thac is absolutely the case ; in- 
stead of growing dark with the full moon, it grows 
lighter. It is a mere subjective effect, and we have not 
the evidence we hoped for, evidence of change. There 
Is an illustration of that fact in the appearance of the 
satellites of Jupiter in their transit across the face of 
that planet. They look black by ooatrost, but start into 
brightness as soou as they move off the disk of the 
planet. 

THB LUNAR MOUNTAINS, 

We will have this other picture, which De La Rue said 
was better than any he ever took himsel f. We have here 
the moon in the third quarter. Here is the lower region, 
the Floor or Plato, here the lunar Apennines, here the era* 
terof Copernicus, and here the lunar crater Arlstarchus, 
the very region where Sir John Herschel noticed a 
bright spot wbloh he took for an eruption. The fact was 
that that very bright spot, by reflection of the earth's 



light, became visible. That was the truth of ts. W* 
will now have a picture of the very same tbln& 
only more distinctly shown t the details are somewhat 
more distinctly shown. The Apennines can be very 
plainly recognised, passing in a curved streak upward. 
Here is Copernicus, here Kepler, and l*ere Aristarohna, 
From these three centers there is a eradiation, and it 
appears clearly to observers that the strata were up- 
heaved at different times ; the later ones seem to break 
through the earlier ones. It is hoped that by that char* 
acteristle we oan learn something of the chronological' 
order In which the changes of the moon's surface took 
place. 

This picture has been enlarged by Mr. Rutherford, 
Here is Copernicus and here you see the Apennines on 
the lower lightened side. The moon you see is covered 
all over with these irregularities. We know how voleaole 
eruptions are brought about. First there is a gradual 
contraction of the skin* the outer crust of tho 
earth { a mechanical effect is produced, gates 
are generated, and these gases escape out 
of the mouth of the volcano. If any such processes 
happened upon the moon they must have been much 
more violent. But then one would have thought thas 
any one of these lunar craters, the largest being two or 
three or four miles across, would have been large 
enough to let all the gas in the whole 
moon escape. Now, what was the necessity of 
so many! It was suggested by Dr. Book thas 
in a former state of existence, there was a bubbling, and 
as the bubbles broke these circular openings were 
formed. We will have another picture brought on, still 
further illustrating this. Here you will see the Floor of 
Plato again, and the Apennines also, seen running 
across toward the left of the picture. This crater is the 
crater Arlstarchus. 

We will now have that earried away, and have an* 
other series of pictures of a different kind. We will 
have two pictures of the Floor of Plato. You will notice 
that the shadows there are thrown on the Floor, in the 
picture on the right. In the picture on the left, where 
it is morning, you will notice how that long bank differ* 
from the appearance as presented on the right. Ton 
recognise how far the appearance of the moon may 
change, from a mere ohange in the illumination, and 
how difficult it is to say that changes are going on, from 
noticing the apparent changes. Here is an illustration. 
It appeared that a certain crater bad vanished, 
as though a sort of cloudy matter had been 
thrown out. When the supposed volcanic erup* 
tiou ceased, the hills apparently had been 
made more sloping, and the crater oould not be so well 
seen. But unfortunately for this supposed evidence of 
change, the crater has again appeared us before. Our 
moon changes and shifts, not merely with regard to the 
sun, but to the earth, and, by a calculation of mine, I 
find that 1,800 years must elapse before you oould see 
any part or it again In the same view exactly, 

Tou have now a picture of the lunar crater Coperni- 
cus. This pioture is very different from that taken by 
other observers. It is quite manifest that the skill of the 
artist has worked out the picture In a 03rtaiu w±f 
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Ha mother will work It In another way. It unties: tus peculiar slope of them. Au-iln wehavetho 
U "V comparing the two that yon an led erroneouaalgnsot weathering. Too never sea mountalna 
to iiluk that there waa a change. I must like those exuept where anow la, 
IDeuilun thai tup moon 1* nnllkc oar earth 111 its general 
oondltlona, in nearly all ttio Important respeots which 
we associate with it. The total daylaataVl of onr days. 
While the day luata bo long, the rear u very mnoh 
less than oars. It li only He of oar day*. It 
roay seem rather •transe that aa the moon Is a planet, 
In reality, that therefore It Ima a your lens than ours j 
that It ou«ht to be tM same aeonra. But there ft ft 
slow tilting of the moon, corresponding tothonreccs- 
sioo of the equinoxes. Ibat shortens our year by a few 
hours, but in the moon it shortens It for nfawdaye. 



Tiicreyon Lavn a picture of too lunar orrti>r Coper- 
me .1. as It mldht appear to the inhabitant* of the moon. 
It waa drawn by Jame* Hamilton of Pnilujeii-'ilfk. Too. 
wii! notice the earth suspended as a moon to the 
Inhabitant* of the moon. The earth U, according tn uij 
conception, too sroalL It would appear to thorn aa 
a moon u t times as large aa the moon appear) 
to na. We will bare a picture of the lunar crater Tyoho, 
tram wbieh those great radiations extend, which give 
the moon the appearance ot an orange, and which 
oauaed Dr. Holme* to linen It to a peeled orange. [Langh- 
tw.J 

Always In these lunar pictures, these imaginary ones, 
the mistake Is made of Introducing- Signs of weather 
Ingwlilch we know tube duelo the effect of rain, or more 
remarkably to the effect* of snow. Wo know that th. 
peaks of our mountains are besoming more and uiort 
worn down by the itlaclera. But as there la no water lu 
the moon, there cannot b* say ruin nr au» snow, and 
therefore none of these effbot* of denudation can be 

Here la nn Meal picture of the Apennines. Ton will 
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Here to a picture In which yon am nui.in-mnl to bo 
looking at them from Plato. Too will also see a little 
Work of tbe iiuHKlnailim liere; a little village leinter- 
poaed, probably tuo dwelllngx or Inhabitants of the 
moon wbo were to bare received religious Inntrnrtlon 
from the earth, tor yon pereelTe tbere la a ebatoh there. 
[Laughter.] 

Via will have a picture brought on showing the won- 
Aerial way In which tbe moon is covered withoraters. 
It la different from the appearance of craters and moun- 
tains *s we picture them to nursclves. Wlien yon look At 
that yon will begin lo think that there 1b some other op- 
eration at work thrre than that which produces onr 
mountains and the few e rate re we have. Ton seem to 
have an appearanoe produced by boiling over, or the 
pouring down 'of some very heavy rain, aa a heavy rain 
on a muddy sur'aoe produces pits like these. Aa regards 
Dr. Hook's explanation. I need hardly say that bob hies 
would probably not be formed so large as that, and no 
forma of matter known to us would be coherent enough 
to form thcae of mtlea In extent. We aeem forced 
to a theory very startling, that we had on tbe moon's 
anrtace a pounding down of metenrle mlulles. not 
necessarily solid ones, lint a falling down or meteors on 
the plastic surface. It seems to me to be the only theory 
left. At tbe present day It Is estimated that over 
sOO.aW.OOO meteors fail through The day, but tbe result Is 
very alight Indeed. I have found that tbo 
earth would require 10],O0O,0OO yean to 
have her diameter Increased a single Inch 
by them. When we look back upon the past history of 
onr system, we see signs that there wus a time when 
larger meteors and more splendid comets were at hand 
to be absorbed lu the solar system. Wbile tb> earth was 
still In a form of vaporous matter the moon was rolling 
on, atUl plastic, and these meteors falling down upon 
her surface would produce th*t pitted appearance. 

I will have the room lightened np again while flat 
small lantern Is prepared, and then I Will have three 
pictures of tbe residue from boiling a calcareous solution. 
You will sea how very much lino my pictures are those 
Of tbe moon. I will undertake to sny that all those who 
are not acquainted with every nook aud oratiny of the 
moon will be deceived by these, especially tbe third and 
lost one. Ton will notice that tuere appear In them 
aeat which have terraces around them. 

I will now Invite you to notice what waa suggested to 
me by Dr. Barnard of Columbia Cullece. that wo bsve 
In the solar system the signs of a beginning and of an 
end. Jupiter and Saturn have made progress to a 
further state than the sun, but are anil full of life and 
energy. Then In the progression comes our earth, end 
liars, and Vcnus,and Mercury, which hare lost most ot 
their Inherent beat. In the moon we have a body seem' 
Ing to have lost all its inherent heal, and to have neither 
water noralr. All these signs or progression seem to 
point to tbe day of creation aud teach us to look forward 
to the time when these processss begun. We seem to 
see signs of beginning. There must have been a begin- 
ning of these processes which in the moon have come to an 
end. Looking forward we see that onrsun— I ho youngest 
as It we™, so tar a« signs of passing o» at old ago is con- 



owimo— will oue day lose heat, and nil the other rns>m«»"n 
of the solar system will have lost theirs. Tbere »<.-... mi 
to be an end of our solar system, a beginning and an end 
marked, and In that respect astronomy dlfiTars from 
other sciences, which give ns no suoh signs Of a beam 
Ding or end. 



a calcareous solution 
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In this picture of the residue ot 
before yon, notice the black rtgt 
and signs of terraces. Ton have In the next pletnre no 
terrace* visible. Ninety-nine observers of the moon oat 
of a hundred would not be able to tell me that this Is not 
a photograph of some part of the moon's surface. 

There Is one point I intended to touch an more fully. I 
spoke or the possibility of any planet only belnr: in- 
tended to be Inhabited during a short time of tlm exist- 
ence of the planet,— millions of years before It was lit, 
being followed by millions of years after It became un- 
fit for habitation. Let us have an Illustration of that. 
If It were known that some gentleman In Brooklyn 
only Intended to remain at home ten mluutos on a 
given day, and you did not know whether It waa 
morning, noon, or evening, and you called at random, 
you would be surprised to flud him at home. T*ko any 
particular time In the same way, and consider tbe 
ebanoea that the planet la Inhabited In It, The 
obanoea are small ; much more In favor of tbo preaent 
moment belonging to tbe millions of years before or tha 
millions of years after It becomes tic for habitation 
That Is tbe case with the moon, I Tec! tolerably certain. 
That the moon has long since passed the time when It 
was (It to be tha abode of life was touobad upon in tbo 
second lecture, and that Jupiter aud Saturn have not 
reached the time when they nre fit. But though wo 
are^ much more likely to see a planet when it is not fit 
for habitation, we must take tbo Immense nnmbrrof 
them Into consideration. There are millions of stars 
and millions which no telescope can reveal. 
And yon have tbe chance* reversed; and though for 
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planet Inhabited now there may be millions not 
Inhabited, yet the number inhabited moat be many mil- 
Hone. 80 that we Ret rid of the painful thought that 
our Insignificant planet is the only one inhabited. We 
get rid of the difficulty that the greater number we 
know of are not fit for habitation, and we can 
address the Creator in the language of the poet, 

God of the granite and the rose, 

£onl or the sparrow and the bee 1 
The mighty tide of being flows, 

Through counties* channels, Lord, to thee. 
It leaps to life In grass and flowers ; 

Tliroutfh every grade of beiug runs j 
while from Creation's radiant towers, 

lis glories flame in stars and suns. 



THE STAR DKPTHS. 
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FIFTH LECTURE BY R. A. PROCTOR 

8EKMINQ CALM OF THE STAR DEPTHS COM* 
PARED WITH THE REAL VASTNBSS OF THE 
MOVEMENTS TAKING PLACE WITHIN THEM— DIS- 
TANCES AND DIMENSIONS OF THE STARS- 
DOUBLE AND COLORED STARS, AND CAUSE OF 
THE COLOR— THEORIES OF THE STELLAR UNI- 
VERSE—DISTRIBUTION OF STAR-CLOUDLETS, AND 
NEBULE— THE LECTURER'S PREDICTION— MAR- 
VELOl T 8 EXTENT AND COMPLEXITY OF THE SIDE- 
REAL UNIVERSE. 

Prof. R. A. Proctor's fifth lecture, and last but one, 
on the discoveries of astronomy, was givan Jan. 
SO. at Association Hall, and was equal if not 
superior in scientific interest and entertainment to 
any of the previous four. The subject treated was 
•• The Wonders of the Star Depths," and the lecturer 
set forth in clear and at times eloquent language 
the various hypotheses which have been put for- 
ward in regard to the mysterious occupants of 
apace. Additional interest was (Treated and the 
subject more clearly explained by means of pic- 
tures illuminated by the powerful oxyhydrogen 
stereopticon of the 8tevens Technological Institute, 
tinder .the skillful management of Prof. Morton. The 
audience was very large and strictly attentive. 

THE LECTURE, 
Ladies and Gentlemen : I have seen in one 

of the papers a question relating to a point of great in- 
tere9tintbe history of oar earth; that is to say, the 
gradual change of the earth's rotation period. It is sop- 
posed to have been demonstrated that this effect is doe 
to the action of the tidal wave, which really acts as a 
brake, because the tidal wave travels In a direction op- 
posite to the earth'* rotation, and the question asked la. 
How much does tbe earth's rotation lose, at what rate is 
the groat terrestrial clock losing time f I made a rongh 
calculation, and I found the loss is so small is this: 
that at tbe end of 3,000 years the terrestrial time would 
be about three mfnures behind what it would be If tbe 
earth wen to continue to rotate from this moment on- 



ward without any change— three minutes In 9.000 years. 
Ton will perceive, therefore, that as that Is tbe accumu- 
lated iocs, that the actual lost of the earth is so very 
small that a million of years will have to elapse before 
any really serious change in tbe earth's rotation period 
or the length or the day takes place. 

TKB CALM OF TUB STAB DEPTHS. 

If yon look at the sky in a calm, clear night, such as 
you have in America, " when all the stars shine and the 
immeasurable heaveos break open to their highest," ths 
thoughtful mind is impressed with the feeling that a 
solemn calm reigns in those infinite depths. This is the 
idea suggested to the poet* Nor does any other view 
present itself to those who study the first teachings of 
astronomy. We know that tbe stellar sphere is carried 
from east to west as the sun and moon are carried, in 
the period of a single day; and we know If we watch 
the heavens night after night, at the same hour, 
tbere is a motion from east to west taking place in 
the course of a year. And there is yet ooe other mo- 
tion by which the whole sphere of the heavens seems to 
gyrate about an axis, tbe period of tbat gyration being 
90,000 years. But we know quite well that these mo- 
tions are not real, tbat tbey are produced by our earth's 
motion. It is tbe earth rotating on her axis in the 
coarse of a day, which causes the heavens to appear 
to turn round in tbat time. It is the earth travel* 
lng around in an orbit which causes the heav- 
ens to have a yearly _ motion. And it is 
tbe earth gyrating, like ~a gigantic clock. In 
that period of 96,000 years, that caufaes the whole 
sphere of the heavens to seem to gyrate in that 
period. But so soon as we pass from those first teachings 
of astronomy, and eonsider what has been tauxht us by 
modern discovery, we see that where tbere seems 
to be rest there is an activity compared with which all 
the forms of life on our earth are insignificant. Every 
one of tbe stars that seem so still, is traveling through 
space many miles In every second of t!me. The very 
least of these orbs— some star so faint that it is only visi- 
ble by momentary scintillations— is an orb in every 
second of whose existence there is more life and energy 
than Is sufficient for the wants of this earth for hundreds 
of years; and the least change of those stars, whetber 
by an increase or diminution of brightness, corresponds 
to an accession or diminution of life and energy com* 
parable to tbe supply which the earth receives from our 
sun during Hundreds of years. 
In the first lecture I reminded you of the activity ot 

■ the sun; that that orb Is the scene of activity, of tumult 
and energy, compared to which all the forms of uproar 
known to us are as nothing. Every one of these stare- 
has enacted in it a similar scene. Therefore you will' 
see hpw utterly different is the reality from that which* 
is presented to the mind; Ton look at the heaveus In this- 
eonntry of clear skies, where everything looks so far ouV 
and the stars seem* so still, and the heavens appears* 

' tranquil — seeming so suggestive of calm and peace, 
while in reality you are looking at the most stupendous 
scene of activity. And now lotus reflect on tbe facts fron* 
wbioh we have learned that this is the actual condition 
of the stellar heavens* In the first place, we have to 



know bow lares thus itin are, and 
thatwemuat have tbelrdlatanoe. Id i 
only know the distance of about nine of leu (tan. In- 
deed I ma/ co much fan her (baa that, and aay there la 
bat one ilar la the heaven* whose distance can be looked 
npon ua determined. 
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The problem which astronomer* have to boItb In deter- 
mining the distances of the stare li one ol stupendous 
difficulty. We have not to determine It by two observer* 
placed at opposite aides of tbe earth'* orbit, but by ubaer- 
Tatlona made In different parte of the eartb'e orbit, aepa> 
rated by 180.000,000 mllea. Al I stars, except nine or ten, 
remain unchanged In direction; but what mini be their 
distance when a change ol isa.ooo.ow miles In the place of 
observation eaueee no percepllble change In their direc- 
tion. There la a etar In the atiuthern heavens culled 
Alpha Centaun. That star channel very slightly In ap- 
parent pnutlun as the earth circles around Its orbit 
A rood war (o Indicate the nilnuteneaa of tbe oh.ange 
Is this: Take the mluute-band of a watch. If that hand 
were moving uniformly, yon would not be able to aee 
the change in a single second at all. A line to that alar 
changes frora lie position leas than doea the minute-hand, 
not In a second, but In the two- hundredth part ot 1L 
Xiiat star la 110.000 time* farther a way tban onr aan la. 
Another alar Is SI Crgnl, whioh baa a great motion 
oomnarod with other atari. That star was estimated, to 
be about three times tho diatsnoeof the une I have been 
■peaking of. Astronomer* hare since, found that it la 
not three timea the dlatauoe, but twice tbe distance. 
Now It appears that they hud been In error to the 
extent of 8,000,JOO mils* In tbe sua'* distance, 
but here la au error of aoo.joo times tbe 
whole dlatam-e of tbe aun; and ret the error 
In Instrumental measurement la so email that 
we arc scarcely able to appreciate It, It la the third 
part of that minute cmiuna that the minute-hand 
of a watch traverse* In the 100th part of a acoond 
offline, of which I spoke. We have uo means of measur- 
ing the disk uf astur. The lnrgest presents no appreci- 
able dlak In the telescope. How, then, can we tell the 
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It* light. Take tbe star Alpba in the Centaur. Tlis.li 
has been found to shine with tho 17,000,000,0001b part of 
the aim's brightness. If the sua wire moved to the dis- 
tance of that slur It would bo the <0.000,OOQ,oooihpartof 
It* present brightness, and would be mora reduced than 
that star not ual I j Is. That at jr shines tbiee time* as 
brightly as the sun If placed buside It, and its surface is 
Ave timea tbe eun'a. All this supposing- that the aurtwio 
of that atari* of toe same Intrlualo brightness aa tbe 
arm— that is, that* iquare mile of tho star gives at much 
light aa a aqoure mile o( the sun. 

(| OOHSTITrmOK of thx STAR*. 

I paw* from that star to tbe king of aura, the star 
'Blrlua. It la f»nr time* aa bright a* the atar in 
the Centaur, aud It is Ave tlmosaafar away; therefore 
being Ave times at fur away. It *hould atuno with tba 
Wth part uf the light ot tbntatar In tho Centaur, But 
being apparent* four times as bright. It I* therefora 
sjjnlly 100 lime* a* bright that star In the Centaur la 



three times aa bright a* the Ion, and filHin 1* therefor* 
too timea sa bright si the sun. The a Ite volume exceed* 
the sun't »,000 time*. There Is an orb differing 
from our eon, even In a greater degree (baa 
tbe relation of the ami to Jupiter. Tkei* 
la Blrlua giving out au e norm cms amount 
of light, but bow do we know that it 1* a ran Ilka ourt~ 
that theae star* are not vaporous bodies I If bo, while 
they have enormous maaaes they may not have the 
amount of power by whioh they are able to attract and 
therefore rule ay atom* ot bodies circling around. Until 
quite recently there seemed no means of ascertaining 
whether that notion wa* true or not. But by the method 
of the spectroscope we find that they are sun* like onra. 
Ton know we have learned before that onr aun shines 
like a burning ma** through overlying vapors of known 
element*. If we can show that tbe star* give a 
ralnbow-tlnted itreak, crossed by dark Hum, wa «aua 
know skat they *r* inns like out*. 



But now we will bare the room darkened and the npeo- 
tra of different stars brought npon the screen. Although 
I first deal with the work ot Father Seccbt, whom Italy 
has observed a great many, yet he wa* anticipated by 
your own countryman. Dr. Rutkerrurd. He observed 
the apectra of about 000. pert of them of a oharaclertatle 
nature, different from our sun, bnt all wtih tbe rainbow. 
tinted streak. Tbe spectrum Is loteteatlng In this 
respret, that tblt characteristic spectrum la given out by 
tbe star Blrlua, ahowlug It to belong to that leading order, 
distinguished from our sun in that way and by a much 
greater magnitude. In the tint plane It show* Tory 
atrongly the tour lines of hydrogen. Tbe upper apectrnra, 
whioh ihould be Tery bright, does not appear so. Tb* 
four slronirly-morkod line* are tbe lino* of hydrogen. 
Which show that stars of that order hava aa atmo- 
phere of exeat depth of hydrogen. 

Bnt aa we may assume that hydrogen I* a part of their 
atmosphere that extends furthest, we may assume that 
the Ingredient* of the other parts of the atmosphere 
are equally extensive, and we therefore learn thai 
owing to their greater slu they hay* a very deep snoot- 
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The next spectrum Is the spectrum of tbo start that 
Men to resemble our tun. Many stare give that spee- 
tram, and some of them are the leading stars in the 
heaven*. For instanoe, the bright star OapeUa. We 
pass to another spectrum. On this third Hoe, -while it 
resembles the second line there are several dark belts, 
and Father Beochi says those bands resemble the spee- 
trnm of the sun's spots, and he says tbat the stars 
-Which present those bonds are really covered with apots. 
It is a noteworthy faet that among the stars 
giving that spectrum there are some of the most remark- 
able variable stars in the heavens, as the star 
Mira (Cetl), which sometimes shines as a second magni- 
tude star, then sinks down until altogether invisible. 
Other stars are noted for their ruddy color, and alto- 
gether the idea suggested is that Secchi is right, and we 
have to deal with stars which, for some reason or 
other, are covered with a great number of spots. Now 
this work of Secchi was only the begin oing of this study, 
and I pass next to the work accomplished by Dr. Hug* 
gins and Dr. Miller. Miller and Hnggins carried on a 
kind of work much more exact than Becohi's, and not 
contented wlih his treatment of the lines they comi»ared 
tbe different lines wltb those belonging to certain par- 
ticular chemical elements. You will see tbat in this new 
picture the lines of the spectrum have beon compared 
by Hoggins with these lines belonging to particular 
elements o odlnm, magnesium, iron, bismuth, antimony, 
6c It is a strange thought that Iron exists in tbe 
acmosphere of a star millions of miles away, and that 
the astronomer can tell that as certainly as t bough be 
could bring a portion of the iron Into his study, and ex- 
amine It at his leisure. 

Well, now. you begin to recognise the fact tbat 8eo- 
chi's analysis is a means of determining not merely 
that there exist certain elements in the star, hut that 
they exist in certain conditions. When we examine the 
spectrum of the star Betelgeux, we find that the lines of 
hydrogen are wanting; then we find that there are other 
stars where the hoes of hydrogen are bright, showing that 
the hydrogen exists in a somewhat more heated state. 
There was a star appeared in 1866— a telescopie star— 
which flashed into view, and rose to tbe second magni- 
tude ; and when that was examined, during its greatest 
brilliancy, it was found tbat on the rainbow-tinted streak 
forming its spectrum there were lines of brightness, of 
glowing bydrogen. 

THS LIGHT OF COLORED STAB*. 

And now we will pass to Its application to another 
interesting feature of stellar astronomy— the ease, I 
mean, of tbe oolored double stars. Among the stars In 
the heavens there are some that when examined by 
good telescopes are found to he double* and show very 
well-marked colors* some Bed, some orange, and some 
blue, and so on ; and (lie qu©*tkm suggests Itself, Is tbat 
color tnkeient fa (he starlight, or produced by the cut* 
ting off of aportSoa of Che star's light by vapor I Take 
the familiar eaaa of Hgnt used a* fZas theater. There 
you have lire like a particular color, an afttototeiy in- 
herent color t but Chen. you. mar also hav* a colored liriit 
produced In another way* You may have an ordinary 
m bite light* and put before it a colored glass. There ar a 



two ways in which a light may appear colored, and it la 
a matter of exceeding Interest to determine by vraat way 
colored stars have tbelr color given them. We will have 
another picture brought on, showing how that may be 
ascertained by the spectroscope. In the next picture we 
have the spectra of tbe component stars of the splendid 
doable star Beta OygnU It has two components, one 
purple and the other orange, and those two stars have 
spectra corresponding to the two shown. The purple 
star has a spectrum in which there are a number of 
hands opposite the orange yellow parts of the spectrom, 
and these bands eut off a part of the orange light. They 
leave a superabundance of the violet and purple portion, 
and therefore the star looks like a blue star* The yellow 
star slio ws some strong lines across the blue; hot there la 
a superabundance of orange and yellow Ughr, ao that the 
atar shows as an orange star. Thus we learn that the 
colored stars— at least in that Instance, and probably in 
others— owe their colors not to the lnheront ua- 
ture of their light, hut to the qualities of the 
envelopes that sorround them; and the idea 
is suggested that we have there a process 
by which these stars, are passing down perhap* to a 
cooler state. It Is only the smeller components of the 
double stars tbat show the blue or purple color; and I 
would suggest that probably at some far distant epoch 
of our stellar system's history, Jupiter or 8aturn may 
have been visible as accompanying stars, small com 
pared with oor sun, and that they at that time may 
have shown some well-marked colors by comparison with 

THB HSBUL& 

We pass next to other objects in the atellar 
heavens, called the nebulas, or star-clouds, We will 
have various pictures of those on the screen. There ara 
several, as pictured by Hersohel. You notice the 
various kinds of aggregation of stellar clusters and 
groups in this picture. On the right hand part Is a 
giorlone duster of stars, a cluster of suns as glorious as 
our own, and if around one of those auus of that 
cluster there were worlds circling, the in* 
habitants of these worlds would never have 
any night, They would have suns all around them ; the 
suns would be setting and rising, and the whole *ky 
would bo oovcred with them. Those people would never 
nave the power, as we have, of aoetng the glories that 
be beyond their system; eo that the very glory of 
their eons would hide much that lies beyond, Just as the 
sun bldoo tbo glories of suns greater than he Is, and suns 
exceeding all that man can conceive. Oor ideas are 
weakened by tho exoosfdve light, and so it mast be (If 
there be in"aa.bltod worlds In clusters such as that) with 
thofnhslntanteaf Chose worlds, far the ideas of those 
people cro limited br the rplendors around them. We 
ncxtpoisB to tiiolarmnr picture* of Chose nobalm, which 
show tbe Greet variety of them that exists. These lea 
picture of tbo «dnmX>-bell nebula," so called la conse- 
quence of its reoecsblance to a dumb-bell. /Yon 
bavo on the lower right band a view of It on a larger 
scale, and in the left joa have a view obtained by means 
of the great Basse telescope, a telescope which does not 
define so wen aatbat m the Cambridge Observatory 
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but yet, perhaps, to better suited In other respects for 
observing nebula. Too will have next another picture 
brought on showing a different appearance from that 
jm>w on the screen. Ton will have the great spiral nebula, 
Its seen from the Bosse Observatory, and not Indicating 
all the enormous extension of that nebula. You see 
there a process as though some great quantity of nebu- 
lous matter bad floated in with a spiral motion, travel- 
ing through a resisting medium, and In approaching the 
center it traveled on a spiral course. One argument In 
reference to that is that It was matter of sint.ll 
density traveling in matter somewhat less dense. Here 
Is another different picture of the great Orion nebula, 
'Which has been compared to the mouth of some 
gigantic sea monster, That picture was obtained by Sir 
Jfohn Herschel with one of his father's telescopes that 
he used at the Cape of Good Hope, and to show the ef- 
fect produced by different telescopes on the appearance 
of nebula, we will have that picture removed and place 
another picture of the same nebula on the screen, the 
picture obtained by Bond when using the great refractor 
of the Cambridge University. 

And let me here mention the superiority of the refrac- 
tor at Cambridge to the Bosse telescope, and let me 
allude, also, to the possibilities of great future dis- 
coveries by means of a telescope to be five feet In 
aperture, which It Is said your optician, Alvan Clark, 
proposes to make, at a cost, I believe, of 11,000,000. Tbat 
amount will be wanted. It seems a considerable sum. 
But If anyone can do it it is Clark, for he is unrivaled 
as an optician. Cooke of England was the only optician 
comparable with him, but Mr. Cooke is dead. I have 
never had an opportunity of making any com- 
parison between the great telescope of Cooke, 35 
Inches la diameter, which is used in an interior 
atmosphere, and was completed in the hands of his suc- 
cessor, and those of Clark. The telescope at Washington 
Is 76 incbes in aperture. But now that Cooke la away, 
<?lark is the greatest of living opticians, and It a tel- 
escope is to be made of enormous aperture, to be used 
Ip California, it is to be hoped he may be spared 
to make it. Another picture is now brought on tbe 
•preen— Orion's nebula. Tou see these irregular starry 
clouds. They give a spectrum altogether different in 
charaoter from the spectrum given by star-clouds con- 
sisting of separate stars. These last give a rainbow- 
tinted spectrum, showing they consist of suns resem* 
oliog our own in structure. This nebula now on the 
screen Is called the true lover's knot. Nebula) such as 
that give spectra indicative of the gaslety of 
the source of light. They spread through all these 
wonderful depths of space. Remember their distance 
trom us, aod the length of the earth's orbit by which it 
la measured. We have the diameter of that orbit at 
238,000,000 miles. Compared with the stars' distance, the 
whole orbit of our earth sinks into loslgnifioauce. And 
remember that the least of these stars—Its mere disk- 
has enormous heating power ; then remember how great 
the distance from star to star of those shown in this 
view, and then consider that this nebulous matter Is 
spread between these stars and continues from one star 
to another, and then yom have an idea of the wonderful 



extension of that matter. Kepstme has a diameter * 
times greater than the earth, and a giobe such as that, 
If placed on that picture, would be less significant than 
the little star to which I point; and whet 
you come to the nebular hypothesis, when yoa 
come to consider tnat fully, you will find that of tat 
nebulous mass that exists in that space there la abund- 
antly sufficient material out of wblch solar system 
could be formed. We will now pass to another system, 
showing a great nebula, which is remarkable In this 
way, that it has varied in brightness. There seems to bo 
an association between the nebula and the star to 
whose influence it seems exposed. Herschel noticed a 
star in Argus which at one time appeared to be a 
star of tbe second magnitude; fifty years later 
it bad sunk to the fourth magnitude ; when Herschel 
noticed it, it was of the second magnitude, and it rose 
to the first while he was at the Cape of Good Hope, aad 
when he came home he heard thftt It had risen until lis 
brightness exceeded every star in tbe heavens with the 
exception of Slrlus. At this moment that star can only 
be seen on the darkest and clearest night. It shows now 
with luster less than the one-hundredth part of what It 
had a quarter of a century ago, suggesting this idea, that 
many of the planets are not lit to be abodes of life" 
80 there are many stars of which this Is a type, start 
which are unfit to be the centers of circling 
worlds, simply because their light Is so variable. 
If that star were the center of a system, a 
quarter of a century ago it was a great deal too bright, 
If on tbe other hand a quarter of a century ago it gave 
out the right kind of light, it is now too faint. We will 
pass from this object to another which Illustrates the 
connection between the nebulas and stars. Jfor a long 
time the theory was that this nebulous matter was far 
away out In space from the stars, but when yon look st 
the group such as you now see, you will recongnlse tbe 
fact that there is a connection between the nebulous 
mass and stars. We will have here a portion of tho 
great Orion nebula, which Is found to have branches 
extending from the central part of the nebula to tM 
star Iota and noward to the star Epsllon, and you will 
observe nebulous streaks stretohlng from star to scar. 
You may view them as the fingers of a mighty hand, 
showing beyond all possibility of question there Is a 
real connection between the nebulous matter and the 
star seen In the same view. 

The great astronomer, Kepler, discovered the three 
fundamental laws of the solar system. Now, he lm* 
agioed that the center of tbe universe was the solar 
system. He considered that the light and heat of tbe 
sun spread out and was caught up by a shell. Inclosing the 
stars, and there was none of the waste of whioh I spofeo 
In my first lecture, and he made a series of calculations 
which have not the least trustworthiness In them, aad 
came to the conclusion that the shell of the universe 
is 70 miles In thickness. 

I now pass to Wright's theory, which is commonly 
ascribed to Sir William Herschel, that our starry system 
Is one of several starry systems. As you know. Her* 
chel gauged the heavens, and, because he found the 
stars were great In number in the direction of the 
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IXUky Wit and to Ita neighborhood, be oonoluded the 
■tarry system Is a grant extension toward the lone of 
tbe Milky Way, and because tbat sone ta divided In one 
part, heconotuded tan system li cloven In that direc- 
tion, and be oame to the conclusion that that system is 
Ilka a cloven disk. According to tbat theory, 
the nebula) would appear to be a number ol 




wnioara tbeobt or 
Dot another astronomer aoteit tbat tbe Milky War 
waa not of that uniform structure wUlch tbe theory 
of Wright neemod to require. It I* like a cloud, and 
(Here li sufficient to Indicate that the Milky 
Wuy consists ot clouds of stars. Ibe next picture Will 
alio* you u section of oar starry acstem based on tbat 
view, anil In that stotlon there 1> supposed to be a mul- 
titude of comparatively small spherical clusters ot stir* 
According to Lurai>ort, these spherloal clusters form to- 
gether a cloven, Hat disk. 



r Wllliar, 



HersobaL And 



Tben oame tbe work of 
kere I point ant that error 

repeated ovet and over again, of supposing Heraubel'i 
theory to be tbat our starry system Is like a Hat disk. 
It mast be remembered tbat we cannot take the labors 
of Hcrsuhol, extending as they do over half aoentnry, 
and treat all as It they all were part of one work. His 
essays u> the Pulloaopbloal Transactions cannot bo 
treated like a book written at once, and we must note 
how ha tell* na that bo himself changed hit mind 



Butin the Hilar War he thoosbt the etnrs were rp—-d 
uniformly, "lam convinced." be until, ■" by prului-aajt 
examination, that tbe stars In the Milky Way are differ- 
ently spread from those whloh lie Immediately anions'.* 
Be used the aame telescope, and ho counted the stura 
Indifferent localities. That Waa tbe Brat part of hit 
method. In other eels of observations he used different 
teloscopes; first a small one, and then a larger, and tben 
a still larger one, and he dealt with the difficult parts of 
tbe heavena where the stars are clustered ad 
richly that the telescope refused to ibow tbenl 
separately; and then be used a more powerful tolesuoye, 
and considered tbat he waa penetrating further and 
further Into space. Tuat was when he was nearly four- 
score rears of aire, and there was a possibility that any 
error In that method would not be detected by him. and 
be failed to note that if be were looking at a small 
cluster of stars, and looking at them first with a small 
telescope and then with a more powerful and still 
another more powerful one, If he were really passing 
further and further on, that cluster. Instead ot being a 
spherical group, would be spike-shaped, a projection ot 
stars extending out backward from our earth, which u 
Inconceivable, when we consider the Immense number 
of these clusters On our Milky Way. 

WUut 1 "1-b and hop© to do, is u> entry on tnst system 
of tiiar gauplng. combined with thu system of Herscnel | 
to take one telescope and survey tae whole heavens, 
counting tbe number of stars in different directions ; 
not a field hereaod afield there, as Hersoliei did, but Held 
after Held, little square Holds, side by side, in the heavena, 
counting Ibe number and mapping the result*; andfien 
seeing where tbe stare abown by tbat telescope art 
richly or poorly distributed. Then take a telescope of 
higher, and afterward another of higher power; aeelnei 
after each set of observations, whether tbe rich roglona 
aeeo by one correspond wltb the rich rontons seen by 
another telescope, and eo knowing something of the 
heavena. Suppose you were looking at the sky and saw 
largo birds spread Irregularly over it; If you noticed 
that there were email blrda also spread over It, taut 
where the large objects were the small ones ware aira 
numerous, you would conclude that these largo *i»l 
small objects formed a single cloud— Were Intermixed rs 
It were— and be certain that the large and the amnil 
one* were Intermixed In the same clouds. That conclu- 
sion wonld be important la our star system. 

I pass to tbe reiulta of the Investigation! of Blrnvo" 
Of Germany, who numbered the stars and Ton nd that 
large and small stars are rich In numbers in the Milky 
Way, and Inferred that there is an intermix tu re of them, 
and that the star system has not the shane of a disk, uul 
that what was auppoaed a disk has no limits. I piua to 
some maps which I made as a beginning toward a sys- 
tem of star gauging, and I have not been able to go fur) 
but tbcae fen maps are an indication of the method. -t 

Here are all I lie stars on ttto northern heavens, on at 
settle absolutely necessary to this kind Of work, of sur- 
face projection, and you will notice tbat here la tha 
Milky Way, and here are jtalherlngs of stars. I invito 
your attention to the dark region here. We shall now 
liaue tbe southern heavens brougut on, and there la » 
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more marked gathering of rtui In certain parts. Thorn 
la a bright region here, known aa the Magellonlo 
Clouds, and that oart of tbo heavens la to bright that 
■when It )■ shove the horizon It haa the tame effect a* 
the rlalsc of the young moon, and yon will tee bow 
poverty-stricken that other region la allaround It. 

The usit map Is one oontalulogSM.lW start. I thought 
I would paai from star* visible to the naked eye to those 
brought into view hy a small telescope; there were 40 
chiirts, and 1 thought it they wero lneludedln a single 
Chart the remit could not fall lo be ul Interest. If my 
view la true, that there 1* an Interspsralon ol large and 
•mail atari, the tali scope ought to bring In stars gather- 
lnK more rlonly In the Milky Way than elsewhere. There 
la an equalltr of light elsewhere, not a rich region In the 
lower wan, "That la the aona of the Milky Way, and by 
thai mapping the ataraln It, the Mlliy Way u dutiaclly 
brought Into vie». There are the PUladea In the Milky 
Way and the head of the Bull, and here la a region 
where comparatively few atara are aeen. 

Bow I ahull aak you to noiloe that a work of that kind 
must proceed elowly. There la a want of laborers lu the 
field. There Is always a possibility that we may gather 
In laborers hero and there, and there is a possibility that 
> may gather assistance here la this way. What U 
wanted u laborer* to gainer In. Any one can survey 
the hesvena with a telescope, and It Is only necessary to 
carry ont that survey on n uniform plan, and then the 
work dime will lit In with the work done by another 

If you consider this map with Its SM.OOO stars, you will 

readily perceive that It tntv* Lime necessarily. Give a 
tingle second to each star, aud It u mounts to a consider- 
able time. The time 1 gave to that map amounted to 100 
hour*, ucirly. 



and take one like Hersoheri-M Inohe* In avpertnra- 
and M.COO.WO stars win be seen. There Is a tremendous 
work, and tbe results will be worthy ot the trouble ; asd 
thl* is the only mean* we hare Of ascertaining the 
architecture of til* heavens. 

Wa have to note here that the stars all move. There 
la a wonderful process going on all around. The sua 
takes his family along. Be Is called a fixed star, but in 
reality he la moving rapidly. Toe stars have a wonder- 
fully rapid motion. I know not which la the more won- 
derful, tbe rapid motion or the relative Immobility of 
the still heavens. The processor ebsuite in a block. 
of granite la relatively greater than those 
processes In the still heavens, yet these 
start are every one traveling 10 and 00 miles Id a aeroad, 
ana not* star in the heavens but baa some motion. 
la travellns so rapidly, aud yet If 
orn (he heavens were mapped at bit 
to live threescore years and ten, at 
sd of that time the ssneet of the 
a, would be the sun* 



Every one of thai 
when a man was 
birth, and be wer 
even fourscore, a 



We will now nave upon the screen a few map* la 
which I have Jotted down tbe motions of the start, of 
all the star* whose mollon* have been measured. Hers 
also you will sue the rata at Which tbey move. These 
little arrows ahow the direction in which and the rate at 
which tbey are moving, I have been obliged •* 
make the length of each of them correspond to 
the mollon of the star in 16,000 years, thai 
I* that eaoh of them most take M.000 yean 
to go to the other end of Its little motion arrow. A great 
many of them travel lu the aim* direction, showing 
signs of being related together. We ahull have another 
map showing the region of tbe Twin*. These two attrt 
teem to be drifting toward the Milky War, like waves 
toward some mighty shore. 
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ire powerful telescope, and the number of 

e not merely Increased but multiplied. Tea DBmrna nine o 

Ii telescope you will get a greater number, Bn» w.. •hall have a plruin 
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•even stars of tbe Great Bear. Five of the*e stars are 
traveling in a common direction and apparently at a 
oommon rale. Now these stars are notable also in 
auvingthe same kind of a speotrnm, chat leading* order 
to which Sirius belongs. It has tbe strongly marked 
Hues of hydrogen. They must be really muoh further 
a^ray than these other stars, those ln^the 
upper tut- mu-o, and they are really fur- 
ther a sty. What, I thought, when I noted that 
drifting, *-«< hat they belonged to a drifting family* 
a ad. proj bei. A that when Dr. Hoggins should apply 
soeias of dctoim. ling tbe recession or approach of a 
su% th»a would be found to be the fact. The expert- 
men t *• as made and my piediotlon verified. Our knowl- 
edge of this iact is based on a very simple principle. 
LVht cornea to us by a series of waves. If we are ap- 
pro.i~blng the source of these waves, they seem to come 
quicker; If we are reoediug from it* they appear slower. 
If j on are swimming in the water and meet the waves, 
they seem to nave narrower crests. It is the same 
with sound. If you are on a railroad train when another 
tra'n is approaching upon which tbe bell is sounding, 
when that train passes yon will notice a sudden change 
la the sound from acute to grave. 80 it is with llgbt. 
li we are approaobing a star with rapidity, the waves 
will be shortened ; otherwise they will be lengthened. 
The lines in the spectrum will be displaced, and we shall 
know whether the star is approaohlng or receding. Dr. 
Hugglns found that these stars were receding at the 
rate of 17 miles in every second of time. 

There Is another sign of change in the stars ; a gather- 
ing in a certain region. There Is, In point of fact, a vast 
variety where everything seems so regular. Look at tbe 
niilky way in a dark and clear night, eurdled 
in one p*rt. branching in another, and bow the 
branches separate, gathering in nodules of light- 
ness and then fading, ana then believe that the 
star systems are so regular as you suppose 1 It is 
infinitely more full of variety and vitality than you 
havespppw.-'d. Wow wo will have a picture, which I 
hive drawn very roughly, to show the variety existing 
In the star system. We e there streams and nodules 
and branohes of brightness, and it seems to me tbut 
when the astronomer has penetrated into the reoe**es 
of the Milky Way, that he has no more reached the 
bounds of tbe universe than at the begiunlng 
•f bis research. He has only examined more 
and more minutely a particular corner 
of the star system. Tt really extends on every side, 
around and around that system, and we have no reason 
to believe that we can reach tbe bounds of tbe star sys- 
tem. The telescope orlngs into view, beside the larger 
stars, minute starry flakes; and if the telescope could be 
made stronger, It would bring into view more and more, 
and we should find that the extent was really illimita- 
ble. 

We find a group of sons of which our sun is a single 
member. Then again we pass to systems brought into 
view by the telescope, and find that the star system to 
which our sun belongs is only a part of that one— an 
atom in space. The astronomer oan giro the figures, 



but he oan no more express their significance to himself 
than he can unfold their I unities* meaning to others. 

RICHTBB'S DBBAK. 

I do not know that I can oonclude my lecture bettor 
than by quoting Blchter's dream, in whioh be shows tha 
feebleness of man's Imagination in tbe presence of the 
infinite wonders of the universe, as translated by our 
own prose poet, De Qulncey : 

God called np from dreams a man into tbe vestibule 
of Heaven, saying, "Come thou hither and see the 
glories or If y Kingdom,** and ti the angels that Stood 
around His throne He said : ** Take him ! 8trlp from him 
his robes of ftesh, cleanse his vision, and put a new 
breath into bis nostrils; only touoh not with any 
ohange his human heart, the heart that weeps 
and trembles.'* It was done, and with a mighty 
angel for his guide the man stood ready for his 
infinite voyage; and from the terraces of Heaven, 
without sound or farewell, on a sudden they swept Into 
Infinite space. Sometimes, with the solemn flight of 
angel wings, tbev passed through Zibaras of dark- 
ness, through wildernesses of death tnat divided the 
worlds of life ; sometimes they passed over thresholds 
that were quickening under propbetlo motions from 
God; then, from beyond distances that are counted only 
In Heaven, light dawned as through a shapeless film ; by 
unutterable pace tbey passed to the light, the light by 
unutterable pace, passed them. In a moment tbe blasa 
of suns was upon tbem, In a moment the rush of plan- 
ets was around them. 

Then came eternities of twilight that revealed, but 
were not revealed ; on the right hand and on the left 
towered gigantic constellations that by self-repetitions 
and answers from afar, that by counter-posltsons, built 
up triumphal gateways whose archways, whose archi- 
traves, horizontal, upright, rested, rose, at altitude of 
spans that seemed gbostly from infinitude; without 
measure were the architraves, past number the arch* 
ways, beyond memory the gates. Within were stairs that 
scaled the eternities around; above was below and below 
was above, to man stripped of gravitating body. Depth 
was swallowed up In night Insurmountable; bight was 
swallowed up in depth unfathomable. On a sudden, as 
thus tbey rode from infinite to infinite, on a sudden, as 
thus they tilted over abysmal worlds, a mighty cry arose 
that systems more mysterious, that worlds more bil- 
lowy, other lights, other depths, were coming, were near* 
lng, were at band. 

Then tbe man sighed and stopped, shuddered and 
wept. His overladen heart uttered itself in tears, and 
he said: '* Angel, I will go no farther, for the spirit of 
man acbeth with this infinity. Insufferable is the glory 
of God. Let me lie down, and hide me in the grave 
from the persecution or tbe Infinite, for end I see there 
is none." And from all the listening stars that shone 
around there Issued a oboral voice: "The man 
speaks truly. End is there none that ever yet we 
beard of." " End is there none 1" the a ngel solemnly de- 
manded ; " Is there indeed no end, and is this the sor- 
row tbatkiila you I" But no voice answered, that he 
might answer himself. Then the angel threw up hie 
glorious hands to the heaven of heavens, saying, " End 



40 



Tribune Extras— Pamphlet Series. 



there none to the Universe of God ! Lo ! Also, there is 
«io beginning !" 



THK SOLAR SYSTEM, 

LAST LECTURE BY PROP. R. A. PROCTOR. 

tUBTH AND GROWTH OF THE SOLAR SYSTEM— THB 
HEBULAB HYPOTHESES OF HERSCHKL AND LA- 
FLACK— HEBSCHEL'S FIRE-MIST— A THEORY AC- 
COUNTING* FOR CERTAIN STRIKING FEATURES OF 
THE SOLAR 8Y8TEM AND ITS CHIEF PECULIAR- 
ITIES—HINTS TOWARD A THEORY OF THE STEL- 
LAR 8Y8TEM— TRIBUTE TO PROF. PROCTOR BY 
niS AUDIENCE. 

It is comparatively rarely, in a large city, that on 
audience takes such special pains to es press its 
grateful acknowledgments to a lv^turer, and es- 
pecially one who is not a countryman, as did Prof. 
Proctor's listeners on the evening of Oot. 23 at Asso- 
ciation Hall, on the occasion of the last lecture of 
his series on the discoveries of astronomy. During 
the delivery of the course of lectures just concluded, 
the good-will displayed by American audiences 
towards the distinguished Englishman, whioh 
has been shown, as Prof. Proctor himself 
remarked feelingly, by silence, by attentive con- 
sideration, and by appreciative applause, has been 
very marked; and after the cordially-worded reso- 
lutions of acknowledgment had been passed, the 
scientist responded in a few heartfelt words which 
proved his thorough recognition of these facts. 
The subject treated by Prof. Proctor was " The 
Birth and Growth of the Solar System, with an Ex- 
position of the Nebular Hypotheses of Herschel and 
Laplace." _ 

THE LECTURE. 

Ladies and Gentlemen : I was rather hor- 
rified when I oarae into the room to find circulating a 
certain paper regarding myself. [This was a biographi- 
cal sketch with a portrait.] I really hare not the least 
objection to this, but should like the audieuce to know 
that I had nothing to do with Its circulation. [Ap- 
plause.) 

There are few subjects more difficult, more fall of per- 
plexities, than the thought of the origin of the solar sys- 
tem. The powers that have been given to man—not the 
Individual, bat the race— have been great. The mys- 
teries that lie around him are greater yet, and it seems 
altiwst hopeless that man should be able to recognise any- 
thing as to the laws aooordiug to which our system 
arose And yet that is a very lit subject on which man 
may exercise his thoughts. It seems to me It Is well for 
man to follow out the paths that seem to lead him back- 
ward toward the origin of oar system. He need not be 
afraid, whatever his religious feelln?* may be, to follow 
out those paths, so long as they lead him to facts. It 
may be that as he follows them be will find views that 
he never entertained before ; It may be that he will find 



much perplexity ; bat Inasmuch as the work to a stair 
of science— that Is to say, a knowledge of the works and 
ways of God— it cannot but lead to higher idea* of the 
wisdom and omniscience of the Almighty. 

I oiler this preface to my treatment of the subject of 
the evolution of the solar system, because, stranger/ 
enough* many look with doubt and almost with aver- 
sion on inquiries of that sort. They seem to be svfrala 
that too much will be discovered. They are men roll of 
religious feeling, but they doubt, and I think that the 
conscientious stu lent of science may lastly say to them, 
" O ye of little faith 1 Why are ye so fearful f" Bat I 
think both the student of science and the theologian 
should have charity, one towards the other. It 
does seem to me a misfortune when we find 
on the one hand the believer in religion 
taunting the student of science who takes this special 
work for his own, speaking of him as an infldel and as if 
his purpose was evil. Ou the other baud, I cannot 
adequately express the indignation I feel when I hear 
the student of science— sometimes it happens; thank 
God! it is not often— expressing doubts a* to the real 
truthfulness, and impugning the religious belief of those 
who differ with him. On each side there should be charity. 
There is a great deal of truth and of the love of troth la 
human uature. Both sides are seeking for the truth, and 
it seems to me the greatest possible uilsforrnne when 
they fall oat with eaoh other. 

THB BTIDEKCB OF GBOWTH Df THB FLAXBTABY BTBTKlf. 

Now if we look around at the condition of the plan- 
etary system, we find much to lead us to the belief that 
It grew to its present state ; that there was a process of 
Its development. Take the primary planets. In the 
first place, we see that all the planets circle in the aame 
direction around the sun. There are eight primary 
planets, and 134 asteroids, and all these bodies travel in 
the same direction around the son. Then eyery one of 
the bodies whose rotation bat been deter- 
mined, turns in the same direction. More- 
over, the fonr satellites of Jupiter, the one 
ef our earth, and the elgbt of Saturn, travel still in the 
same direction ; and we find only one exception, in the 
ease of the satellites of Uranus, whioh may be said to 
travel in the opposite direction, if, the course of travel 
being nearly upright as compared with the planetary 
orbit, they can be said to have any direction. As fat 
as they have any direction, however, it is worthy of 
note that it is a oontrary direction to that which the 
planets travel around the sun. 

Well, I find so many of these similarities, concerning 
wUck we are bound, I think, by the laws of probability, 
to believe that they arose from some process of evo- 
lution. Of course we may believe, if we choose, that 
the Almighty ordains everything in that way ; that 
every planet was created in the first place moving lo 
that direction ; that thus it was everything about us was 
formed. The student of geology, too, may learn of the 
existence of living creatures on the earth hundreds of 
years past; but we may believe, i'f we choose, that all 
those fossils are signs planted there by the Almighty; 
that they are not the remains of living crea- 
tures, but mere appearances It seems to me that 
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fftet to a painful belief, mating the Almighty God 
give evidences that merely lead men astray. And, 
therefore, when we flod these facts in the solar system. 
It is natural and right for ns— oar reasoning powers not 
being given to us for nothing— .t Is right for us to try 
and conceive how that state of things arose. The 
notual probabilities are great against anything like 
chance distribution of the aolar system, particularly 
when we remember there are 143 primary and secondary 
planets, and when we take into account their motion 
alone, each circling around tbe sun in the same direction. 
The chance that one Is going in one direction and the 
next going in the same direction la only one chance out 
of two, and the chance that a third would go in the 
same direction is only one chance out of four ; the 
chance that a fourth would go likewise is only one out 
of eight; a fifth, one out of 16; so we must go on 
doubling until we And that the chance of 143 planets 
going around in th« same direction— I hope yon will he 
patient while I tell you the number— is one in 
J,T74 t 8CO,000,000,000,000,000,<Xfl^ 

ter and applause.] But tbat 1s not all. The way in 
which the planets travel is a fact in Itself that seems to 
Indicate a certain process of evolation by which they 
have a particular motion. 

LAPLACB'8 NEBULAR THBOBY. 

Now if we consider the way in wnioh that mo- 
tion arose we are first led to the hypothesis of 
the French astronomer Laplaoel Laplace, in his ex* 
planation of this motion* had the idea that there 
was a great nebulous mass having the sun in 
the center, extending on either side far beyond the 
present breadth of the path of the uttermost planet, 
that is, a path of 6,000,000,000 miles diameter, and the nebu- 
lous system of Laplace extended beyond that. That 
mass was intensely hot and vaporous, and it was 
rotating, and as the rotating mass contracted and it 
began to rotate more rapidly, the result was that a ring 
was thrown off by centrifugal force. In time the ring 
would gradually break up, its parts would gradually 
amalgamate ; many parts would have different rates of 
motion, and different parts would' encounter each 
other, and in tbe course of mllUous of ages there 
would be an amalgamation into one mass, having 
the same direction of motion that the nebulous mass 
had, and traveling around a center which was 
the sun. But as this minor mass went on contracting It 
would follow the same law as the original body which gave 
birth to it. It would go on contracting, and go round 
more and more rapidly; perhaps it would throw off true 
rings, which would become satellites. 8o the earth was 
formed ; she turns on her axis in 34 hours in the same 
direction, while she takes 866 days in going around the 
sun. Bo it was with Jupiter and Saturn and all the 
pUuets— all in rotation in the same direction. That 
process would go on until one planet after another was 
formed. And so it was that the aolar economy, as we at 
present know It, would arise. 

That is a rough account of the nebular hypothesis of 
Laplace. It seems to me that there is great difficulty in 
Ice way of accepting it. In the first place, we have 
nothing to lead us to believe tbat a great nebular mas* 



of so enormous dimensions and extreme teunity o<mid 
rotate as a whole or exist as a whole. We have no evi- 
dence to lead us to believe that the rings of Baturn are a 
continuous solid. We know they could not exist as 
nebulous rings, and we have now as the accepted 
theory that they are a multitude of separate satellites 

that could not have existed as a whole and rotated as a 
whole. 

Another point t That nebulous mass rotating by uni- 
form process, if contracting, mu*t give birth to a uni- 
form system. There would be some law associating the 
planets' distances with their dimensions, and that, as we 
know, is far from being the ease. We have three parts 
of the solar system— the inner planets, the 
asteroids, the outer planets. The sun is T61. times as 
large as the outer ones; the outer ones over 300 
times as great as the inner ones. Take any 
one of these families, and we find apparently no law in 
their arrangement. Among the inner planets, there is 
first Mercury, a very small planet; then Venus, very 
muoh larger ; then the earth, still larger, and dignified 
with a moon ; but then we come down again to Mare, 
which is a small planet. Then we have the asteroids, 
mere specks, 184 of them. Then take the outer family, and 
there Is still no progression. We have tbe largest of the 
planets, Jupiter j then Saturn, also immense, and then 
the planets Uranus and Neptune, about equal in sise but 
smaller than Jupiter or 8* urn. Laplace's theory does 
not explain why the faraUy of least dimensions should 
be In tho middle, and the larger one outside and the 
smaller near the sun ; and we have no account of the 
relations of those bodies by his theory, and only an ex- 
planation of the general facts first noted. 

ABTEOXOMBS8 LIKENED TO A COLONY OF MAT-PLIES. 

We are led, therefore, to another theory, and I adopt 
what appears to me a suitable method of illustrating it. 
If we Imagine a colony of small insects, of the Hay-flies 
or ephemera, which live but a few hours, and living In 
and having as the center of their domain a large tree, 
these ephemera are not able to asoertain anything 
about that tree in their time of existence, as they live 
but one day. But we may suppose them to be 
reasoning beings, and tbat they have handed 
down from one to another the discoveries made 
by their ancestors, and they proposed to ascertain 
in time, by exercising their intellectual powers* 
the laws according to which the tree grew, and some- 
thing of the future of the tree. They would trace back 
the history of the,tree and arrive perhaps at some notion 
by comparing tbat tree with others, and that it sprang 
from a seed, and they would do as we do, and think that 
was the beginning of all things, for this tree would be 
their universe. If they were told by some thoughtful 
May-fly that the tree resulted from the contraction of a 
great mass of vegetable matter, they might remain 
satisfied with this notion for * long time, bus 
if they found by observing other trees that there were 
no such vegetable masses contracting in that way. It 
would be Just on their part to look to another theory* 
and finding the process of growth, they would trace 
itack the process and say chat it was the result of the 
quite different process of tree-growth to that stage. 
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They would recognise the process and tr«o * it back, and ing of that kiud could not farm, for tno reason that n 
say that the tree did not contract from a vegetable mass, the motions near the groat oeui ral aggregation vouLi <* 
but sprung from a small vegetable mass, and grew by very rapid. Take our sun, which is the original center of 



the addition of matter. 

Theu I think there Is another point to notloe. They 
may reject the notion formed of the vegetable mass, 
and say very reasonably, that with all dne respeot to 
the opinion of so highly eminent a May-fly as he who 
propounded the condensation theory, whole days nave 
passed since they ha to formed truer ideas. 80 1 think it 
Is with the theory of Laplace ; we have a great respect 
for him, for be was the greatest mathematician that 
ever lived after Newton. Bat we mast consider these 
wonderful facts that we have recently learned about 
the planets— about the sun's conditions, about the heated 
condition of Jupiter and Saturn, about the relation of 
comet* and meteors. We have learned that the earth is 
growing, though not appreciably; as I have stated to 
you, the earth increases only one inch in diameter by 
the fall of meteors In 400,000,000 years. We oan hardly 
call that growth at all, bat still, like the tree after it 
It has ceased to grow, and only lives, the present de- 
velopment of the earth shows us, leads us, to look back 
at the distant past, when the meteor system was more 
numerous, and the whole solar system was grow- 
ing. It seems more natural to look at the process as a 
process of acoretion than of contraction from some neb- 
ulous mass. 

THB TSBOHY OF ACCBETIOK. 

We will now have the room darkened, and this process 
will be illustrated on the screen. With this new view of 
the matter, does it promise to give us light on any ques- 
tions which were previously unanswered f Will it ex- 
plain how the planets are arranged in the manner in 
whloh they are I We shall find it will. You have a pic- 
ture illustrating the great difference in slse between 
the outer part and the inner part of the system. 
Here are Uranus, Neptune, Saturn, and Jupiter, and 
here in the lower right-hand corner you will notice a 
circle only as large as represents the planet Uranus ; 
within it are Meroury, Mars, the Earth and Moon, and 
Venus. We might imagine a great nebulous mass like 
the fire-mist of Herschel, In space, gradually approach- 
ing toward* the sun, approaching spirally. We might 
conceive that as the beginning of all things, like the tree 
from the seed. We know that as one nebulous mass 
passes Into another by condensation, heat and light 
are produced. 

There is evidence that these nebula) are gaseous. 
Well, then, these nebulous masses would be thrown into 
the great center. There would be one center of aggre- 
gation. That center would grow oootinually in slie and 
power, gradually draw in more and more matter to It, 
and the more it drew in of these nebulous masses, the 
greater its power would become. How then does the 
aeoondary aggregation take its origin f I suppose that 
would arise not in one direction only, but 
gome in one and some in another, with a 
superabundance In one direction; great subor- 
dinate masses would be formed, perhaps, 
not continuing separate lor any length- of time. In the 
neighborhood of a great central aggregation, a gatnor- 



aggregution, and we find that In the sun 'a neighborhood 
the motions are very rapid, A body coming oat sf 
space aud falling into the sun would reaoh the sun ats 
velocity of 880 miles a seooud, and If only going aroaad 
the sun, would travel 390 milea a second, 
but at the distance of Jupiter tbe velocity of an arriTiaf 
object would be only about 13 milea a second ; therefore 
It would be easier for an aggregation to form at last 
distance, some great distance from the center. It would 
not have to overcome the tremendous velocities waist 
an aggregation would have to master in attemptiog to 
form near the sun; it would have time to eatcs 
the flying masses. A secondary aggregaUoa 
at a considerable distance from the center would net 
suffer from this great velocity. An aggregados 
there would have greater power over matter aroaad 
it, and a larger and larger aggregation would form, sad 
as it became larger and larger it would be more sad 
more mighty; by a sort of geometrical progression It 
would grow larger aud larger, while all the objects st- 
temnting to form within its influence would be kept 
down, reduced in slae. Thus we explain the faot that 
we find Jupiter, the greatest aggregation* at a much 
greater distance than the inner family of planets sod 
tbe astei olds. 

Beyond Jupiter we come to another system, which 
shows signs of greater activity and development. At 
Saturn's distance the motious would be leas rapid than 
at Jupiter's distance. There would still remain a great 
quantity of matter out of which an aggregation would 
be formed, am* so we should find Saturn, not so large ss 
Jupiter, because the matter would naturally decreass 
outwards from the suu, but owing to tbe smaller 
velocity there would be a greater freedom of 
aggregation, aid so wo have Saturn, with a 
ring around It, and Its eight satellites. And 
then we next cotue to Uranus and Neptune, and they are 
smaller, because the quantity of matter diminishes with 
distance. Then take the inner family, olose to the sna, 
Close to the sun, they are prevented from accumulating 
muchbytho sun's neighborhood, because of the tre- 
mendous velocity of matter there, and they sis 
consequently small. Passing far out aoain, we 
find the influence of Jupiter beginning to ss 
felt, Jupitor resisting the formation of an aggregation 
within his Influence. The combined influence of Jupiter 
and Saturn preventing aggregations from forming, re- 
sults in the smalluess of Mars; and olose within to* 
path of Jupiter's Influence we find the aone of asteroid*, 
each too small to form a planet. 

That is better than Laplace's theory. It is not to to 
expected that you could have a complete account el 
those relations, neither could you by theory explain too 
size and color of every bough and leaf, and the detail! 
of arrangement of a tree. 

OOMTHMBNT TO AH AMXBICAN JL8TBOKOHSB. 

And now I shall allude to the strange results obtained 
by Prof. Daniel FJrkwood, of Bloomlngton, Indiana, 
Whom I have called the Kepler of modern aatronoDil 
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from the way be has looked out for relation after relation, 
and the connection between tbe different relation* of 
the planetary system. Hia researches are worthy of all 
praise. His results are full of Interest. He took the 
paths of the asteroids and arranged them in 
their order of distance, and be found eer 
tain places where, for some distances* there were 
no asteroids. There are asteroids at a great number of 
distances Irom tbe son, extending oyer 400,000,000 of 
miles, but there were gaps. like those between tbe rings 
or Saturn, and the way in whioh Klrkwood explained 
thin was: be noted where the gaps occurred, and be 
found them corresponding to tbe paths of asteroids 
having periods commensurate with the period of Jupi- 
ter ; and a student of astronomy knows that this com- 
mensurate period must have led to great perturbation. 
The periods of Jupiter and Saturn are as the numbers 
two and five, and when there Is a conjunction In dif- 
ferent parts of their orbits the perturbation takes place 
there, and they disturb each other, producing what Is 
known as tho great inequality of Saturn and Jupiter. 
In the same way Jupiter would disturb tbe motion of 
the asteroids, if they bad a period Use bis own, and 
would prevent them from forming, bis mass is so much 
greater. v And so you will find there are no 
asteroids In those particular spaces. This 
supports tbe theory that the solar system arose 
•from motion and aggregations of discrete masses; 
not from tbe contraction of a great nebulous mass. The 
rings of Saturn give further evidence of tbe same. The 
gap in Saturn's rings— the gap in the true ring— cor- 
responds in position to the place where this Influence 
would affect the paths of little satellites traveling be- 
tween the rings. There on tbe screen before you is the 
great Spiral Nebulaas observed by Bosse, and there you 
see two central aggregations. As we look on 
that nebula we find its condition unchanged year 
after year, and recognise in the slowness 
of any perceptible change taking place, evidence corre- 
sponding to tbe nature of its being. Herscbel and La- 
place had a somewhat similar theory in regard to this 
nebulous matter and the stars. Herschel's theory was 
based on the fact that he recognized in the heavens 
signs of a luminous fire gathering toward certain centers 
of aggregation. There are parts of the heavens where 
he notloed that the whole gfield was lit up with a faint 
light, and he made tbe strange mistake of supposing that 
by Increasing bis telesooplo power he could seetheflre- 
mlst better. But the real fact was he could not see It as 
well. If you want to recognise that fire-mist— and 
America Is tbe best place to look at it— have no telescope 
at all. Use a telesooplo tube, but with no magnifying' 
power. I wish I had tbe keenness of eyesight for 
it. Provide yourself with a tube shaped like a tele- 
scope, with the thinnest glass, and plaoe disks in such a 
position before your eye-piece so as to bide the stars of 
any parttoular constellation; carefully observe the 
heavens am; you will have a clearer view of any fire-mist 
than you would by tbe telescope. The telescope will not 
make luminous bodies brighter. You look at tbe moon 
with a telescope, and you think it looks brighter, but it 
does not The intrinsic brightness is not iucreased in the 



least. By looking, one eye through tbe telescope, and 
tho other not through it. at the moon, you will find that 
although to the naked eye the moon is smaller, It Is much 
brighter than In the telescopic view. Toe fire-mist Her- 
scbel recognised. If it Is In tbe heavens, should be viewed 
without a telescope. 

ASPECTS OF THB NEBULOUS MASSES. 

I shall next pass to the gathering in of the fire-mist to- 
ward particular parts of the heavens. We will have a 
series of those views on tbe screen. These views are of 
different kinds of nebula). Nebulae may be looked upon 
as flowers In a garden In different stages— one springing 
from tbe earth, another In full bloom, and another in 
seed time. There you have a nebula after It clusters, 
and other pictures will show you the immense varieties 
of those nebulous masses, and I would remind you that 
tbe number of these nebula is something enormous. 
There are as many nebula discovered as there 
are stars visible to the naked eye. Those pictures before + 
you exhibit different kinds of nebulas. Ton see the else 
of the great nebulous mass, gathering toward certain 
centers of aggregation. Herscbel thus Illustrated how 
out ofthe great mass of fire-mist, stars might be formed. 
There you see three stars, and now we will have another 
picture in which still other forms of aggregations will be 
seen. There are certain of these nebulous masses In 
which the stars form single cluster! When examined 
by a powerful telescope the most wonuerful complexity 
Is found In those nebulous masses. Other pictures will 
show you the process of the formation of stars. There 
you see a quantity of nebulous matter In certain parts 
gathering toward the center. And now we will pass to 
a series or plotures showing the way in which these 
nebulous matters cling around stars; and those are on 
a larger scale, and you will see the nebulous matter 
apparently drawn toward the various stars. 

Then, you will recognize the great difference between 
the way in which that nebular mass Is forming and 
Lrfplace's theory. We shall have the room more dark- 
ened for some time, as these nebular plotures do not 
show sufficiently unless tbe room is darkened; and we 
will have the pictures brought on rapidly one after 
another, the next three or four of them illustrating the 
same theory. 

In tbe first you perceive three rich stars, and tbe nebu- 
lous matter there also is rich. There you will recognize 
the same features. You notice the durk spots between 
the nebular regions, and the stars always in the brighter 
part of these nebular regions, and evldenoe of tbe 
gathering in of it toward tbe stars, but we have no evi- 
dence of Laplace's view of a rotating nebular mass. 

We will have another picture, and it will be a bright 
one. Here the nebula would appear to have changed in 
shape. Here Is one view of a nebula, and the next ono 
taken by Lasoell of the same nebula, differs materially 
from It. This nebula Is called Omega from its resem- 
blance to tbe Greek letter. The same nebula lain the 
picture by Lasoell, and It is so changed that 
it is difficult to believe that It is the same 
object. This leads us to the idea thai 
these masses change In form. This is a view of the 
heavens, illustrating tbe variation of the diffdrout poxes 
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•rt the heavens In brightness. This ts the bright region 
in the southern heavens of which f said that when it 
rises al>ove the horizon the effect Is the same at ti 
caused by the young moon. There Is in the midst Eta 
Argils. This Is a scbnla which varies in shape, and the 
star in it varies from the first to the sixth magnitude. 

Here we see fresh signs of variability in space, which 
bear on the birth and evolution of our system. Wo see 
that the sun was once varlable,and the planets were atari 
of all variations in the early history of our system. While 
the aggregation was taking place, the sun wouldv at 
some times blase with flaming glory, and there would be 
as interchange of brightness, regular or lrregnlar, as 
masses of matter were aggregated into it 

As to the question whether the sun is likely suddenly 
to have a defalcation of brightness, consider how some 
oi the stars vary in brightness, and the thought la sug- 
gested that the same may happen to our son. The pro- 
cess of evolution may be so far incomplete. Careful 
observations made by the Englls'i astronomer Hind 
and others— a process not very muot carried on in this 
country— show that the stars vary very muoh In bright- 
ness ; but that observation must be carried ou a long 
time :>efore sure results can be obtained. 
variations taking pxjlcb at thb stella* hbavbvb. 

In the constellations, if we can imagine that there 
were figures resembling the bear and the lion in shape 
In the old timos, and if we And now no traces of them, 
the idea is suggested that there has been a chauge, and 
1 wis once disposed to think this was the case; fori 
could not thluk how the early nations could Imagine a 
beai, for instance, if there was no such shape In Ursa 
Major. But by making the figure of the animal 
larger and studying the head, and, as was suggested 
to Dick Swtveller by the Marchioness, by making 
believe a good deal, we can make it out. The four 
limbs of the Bear are differently placed here. View 
thai group forming the head, and there is a oertain 
resemblance to the peculiar snout of the head of a Bear. 
The stars are small, but on a clear night you can recog- 
nize a oertain resemblance to the head. 

We have here the head of the Lion, the figure being 
larger than is usually depicted, and including several 
neighboring constellations. The grouping of stars all 
Around gives really some resemblance to the head of a 
lion, Tti; KxuJEp which I have made the tail is the con - 
stellation Coma Berenicia. Perhaps, after all, the stars 
never did vary much. There is enough there to make an 
imaginative people think there was the figure of a lion. 
In these seven stars of the Bear the middle star has va- 
ried muoh. having declined from being as bright as the 
others. We cannot be certain that our sun may not di- 
minish or increase in brightness. That middle star was 
once as bright as the rest, and now it is greatly reduced. 
This next picture shows how the great nebula in Argo 
has varied. How, we have two pictures, in one of 
which is the figure like a key-hole, and on the next it is 
greatly varied and everything is so ohanged as to show 
that the nebular mass is drifting hither and thither ; 
that the regions of the fire-mist contain drift- 
ing masses. We shall have more pictures tend- 
ing to show the disposition of these nebula 
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over the heavens, The cloudlets of stars are found to hi 
spread with estrange variation over the Milky W-y f 
and not uniformly ; and that has been put in evidence to 
prove, I know not why, that these star cloudlet*) dc not 
belong to our stellar system. But the diversity— flie two 
parts of the heavens so diverse, one filled with, nebalse, 
the other with star cloudlets— seems to show tn&t there 
is a connection between the parts. We nave 
the idea that in the Milty Way, where 
the stars are rich, the circumstances were favorable 
to the formation of stars and star clusters ; the star 
oloudlets are more numerous in the Milky Wavy than 
elsewhere, whereas outside of it circumstance* 
not favorable to the formation of stars, and the 
of aggregation not being so rapid, these nebulae 
formed. 

Here you have a picture showing a dark rejrion 
the nebular masses complete. Notice the norther* 
nebular masses and these streams coming out. Here It is 
extending toward a small cluster of nebula*. Hie Milky 
Way contains star clusters, and outside of ft are 
separate stars. In the star olouds we find a multitude 
of stars discernible with the telescope, but so closely 
clustered as tone irresolvable, and in these ma none or 
cloudlets we see proof, we have a certainty, that the 
sidereal system is not a mere aggregation of 
stars, but contains ail varieties, nebula), star-cloudlet*, 
and stars of all varieties ; and that it resembles the solar 
system, not in uniformity, but in variety of structure. In 
studying its laws we have a problem of enormous diffi- 
culty, but one which must one day be solved. Man can* 
not stand unsatisfied in the presence of such a problem* 

TUB MOTIONS OF THB 8TAJ18. 

Here is a picture showing the stars In the northern 
heavens, with arrow-heads attached. You notleo that 
there is a hope, by comparing maps of this nature and 
making them moro perfect— there is a hope of ascertain* 
ing why these movo this way, and these this way, and 
of determining tho way in which they arose, and what 
was the nature of the scheme out of whloh the present 
universe sprung. 

Tou will notice those of the northern stars with their 
little star arrows. On the next map you will see those 
of the Southern Hemisphere. It Is a matter for great 
congratulation thut here in America a map of the exact 
positions of the stars is being made, so tbat a hundred 
years henco all these motions oan be detected. This is a 
noble work, tho real value of which will only be known 
a hundred years hence, and its promoters deserve % 
great deal of honor. [Applause.] 

Now, I wish to bring before you a series of pictures, 
showing, on a somewhat better scale, the appearance o* 
that chart of many stars which was shown at the last 
lecture. It Is the beginning of the third process, the 
process of star-gauging. The picture now before you 
represents the central part of that chare of many stars. 
The central one is the Polar Star. In the lower part 
there Is a region of greater brightness, and in the next 
picture yon will see how the position of the Milky 
Way is clear'y indicated. In the next, in 
the upper part there is muoh greater brightness. Ca# 
siopeiaoan bo rxognlxed. In the next pic tare, Joining 
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flilft OB the right, Ton ©an we the Pleiades And the clua- 
W In the sword-hand of Perseus, sod the Milky Way 
srOtn* across zroin the upper right hand to the left hand. 
And then there is that dark region of which I have 
epokeu. The next picture will naturally he of tne 
Twins. You have again the Milky Way. Here is the 
oonstellailou of the Dog and the two Twin stars, 
and now we are coming to the region where 
tne stars are fewer. In the next pic- 
ture we bagln to approach the Milky 
Way again. We have gone nearly round the heavens. 
One other picture carries ua to the riohest part of the 
Milky Way and the constellation of the 8 wan. We see 
tne rich gathering or stars in that constellation. Now 
We will have the whole picture of the northern heavens 
Main shown, hot the same one, and yon will see how 
the Milky Way is mapped out by these stars. You can 
see the Milky Way carried right round that picture. 
Ton begin to see the evidence we have that the Milky 
Way is a stream of stars gathering together, large and 
•mall. We see it aa a spiral, as it were. Looking at it 
In that • way, we begin to recognise how the 
nebulas may have formed it; how In the very 
beginning of things it was formed; how at the outside of 
the spiral, the agglomeration gave birth to stars 
much further apart. While we cannot go much further 
than the star system, that is not the end of the matter. 
We look back Into abysmal space and see these pro- 
cesses taking place. We look back from the formation 
of the solar system to the stellar system and to the 
sidereal system! We begin to see that there are pro- 
cesses still further back. 4t Lo, these are but a portion 
of God's works ; they utter but a whisper of his glory." 

TRIBUTE TO PROF. PBOCTOB BT HIS AUDIEHCB. 

At the eon elusion of the lecture, Mr. Morris K. Jesup, 
President of the Young Men's Cnrlsclan Association, 
stepped upon the stage and said : 

I am sure, ladles and gentlemen, that yon will not 
desire these most interesting lectures by our friend 
Mr. Proctor to close without some expression on your 
part of our appreciation of their great interest. Our 
friend Mr. Charles Butler will offer some resolutions for 
your action. 

Mr. Butler— I am sure we shall all like to have Prof. 
Proctor know how grateful we feel to him for the en- 
joyment and instruction bis lectures have given us. I 
have been asked to say, on behalf of the audience, how 
macn we appreciate the opportunity that we have had 
of following him, night after night, to that world of 
thought where none but a master's hand could 
lead na I have to bear messages of gratitude, not 
only from those who, like himself, had already studied 
"other worlds than ours," but from so many of ua as 
have be^n turned away and upward from the earth, 
whloh absorbs us in our daily occupations. That some 
of the light he has shed upon our hearts and minds may 
in some form be reflected back to him, that at least he 
nay have some share in the enjoyment of his vials to 
our country, and that he may have a happy return to 
his own, is the wish of many warm American friends. 

X propose the following resolutions, expressive of the 
souse of the audience* 



Mesolved. That wo who have attended the eotme of 
lectures given by Prof. Prootor. Secretary of the Boval 
Astronomical Society of London, desire to express our 
appreciation of the mascerly manner in which the sub- 
ject has been presented, making nlain things so difficult, 
and bringing to us the latest results of the study or tne 
noblest of sciences. 

Raoivedt Tiiat we desire to express our admiration of 
the aenerous spirit in which the achievements of his 
eotemporanes. including some of oar own countrymen, 
have been recognised and descrlbod. 

Re&oltea* Thai the reverend and Christian spirit in 
wLieU ne nas unroia<sd tae wooaers ot asirouoajy nas 
made as recognise more fully than ever before that 
" the heavens declare the glory of ttod," aod to declare 
with the Psalmist, "O Lord, now tnauifold axe thy 
works I in wisdom hast thou made them nil." 

Betolved, That in tendering our grateful acknowledg- 
ments to Prof. Proctor for tills course or lectures and for 
the pleasure and instruction we have derived fr.nn them, 
we caunot refrain at the same time from exprns^lag our 
best wishes that his visit to our country ui*y provu a 
source or happiness to himself, ami th.it his o.ireer la ,ii > 
future may be as eminently successful as it has jeo.i 
Honorable' and briliiaut lu the past. 

MB. PROCTOR'S BEPLT. 

Prof. Prootor replied • I thank you, ladies aw gentle- 
men, very earnestly for the kindness with which yon 
have expressed your thanks to me. I felt that I nu.i 
really undertaken n task of considerable difficulty m 
coudensing into a series of six, my lectures on so vast m 
sui-Jeot. t know there was no difficulty In bringing 
these snbjeots before an American audience, if 
I only had suffl lent time within which to deal 
with thetnt bat to deal with the whole sub- 
ject of astronomy in six lectures was really a very 
great strain upon the endurance of an audience. But 
for the wny in which they have been received, and the 
way they have been followed, and the close attention 
with which they have been listened to, I am very grate- 
ful to you indeed. The only feeling of regret I have bad 
has beeu that I could not transfer some of your enthu- 
siasm ror science, espr hilly as it is represented in the 
numbers that come to Hear of these things, to my own 
people at home. ; 

In regard to the reflations, whtoh are so kind and 
complimentary, I can assure you, spoaking from my 
heart, that during my whole stay in America— more 
than three months— I have not had one experience that 
has not been altogether pleasing. Everything has been 
more than gratifying. The kindness I have received on 
all hands has been vory grateful to me. indeed, aod very 
remarkable, too. I had no thought when I came over 
here ot meeting with anything like that kindness. 

There is one thing I would like to mention. Many 
have addressed letters to me, have proposed to call upon 
me, and invited me to call upon them. I wish to say 
that I have felt unable in many cases to do so, however 
much I desired It, or even to return an answer to some 
or the letters, unless a sbi-i t answer, which is worse than 
no letter at alL I trust tl t >my of these— some of whom 
may no here present, wi 1 1 -"collect the difficulties under 
which I nave laborel. I feel that it is well these 
difflcoltlea should bo known; and I now thank you 
heartily, not only for the resolution* that have been 

Eassed, but for that grcatcfti kindness that can be shown 
v audlenoes to a lecturer— a ctcntlou to and consider* 
tion of what he has to bring before tueuu (Great ap- 
plause,.] 

The audience then slowly dispersed, many remaining 
♦o exohange pleasant greetlu<s with the lecturer. 
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Prof. Agassiz's Lectures at Penikese. 



THE PRA YER OF AGASSIZ. 

BT JOHN G. WfflTTTKB. 

Frvm T%* OhrU H an UMarn* 

On the Isle of Penikese, 
Ringed about by sapphire seas. 
Fanned by breezes salt and cool 
Stood the Master with hi* school. 
Over sails that not in Tain 
Wooed the west wind's steady strata* 
line of eoast that low and far 
Stretched its undulating bar, 
Wings aslant along the rim 
Of the waves they stooped to skim. 
Book and isle and glistening bay. 
Fell the beautiful white day. 

6aid the Master to the youth : 
m We have oome in search of truth* 
Trying with uncertain key 
Door by door of mystery ; 
We are reaching, through His laws* 
To the garment-hem of Cause, 
Him, the endless, unbegun, 
The Unnameable, the One, 
Light of all our light the Source, 
Life of life, and Force of force. 
As with fingers of the blind 
We are groping here to find 
What the hieroglyphics mean 
Of the Unseen in the seen, 
What the Thought whioh underlies 
Nature's masking and disguise, 
What it is that hides beneath 
Blight and bloom and birth and death* 
By past efforts unavailing, 
Doubt and error, loss and failing* 
Of our weakness made aware* 
On the threshold of our task 
Let us light and guidance ask* 
Let us pause in silent prayer F 

Then the Master in his place 
Bowed his head a little space* 
And the leaves by soft airs stirred. 
Lapse of wave and cry of bird 
Left the solemn hush unbroken 
Of that wordless prayer unspoke% 
While its wish, on earth unsaid. 
Rose to heaven interpreted. 
As, in life's best boors, we h< 
By the spirit's finer ear 
Hi* low voice within as, 



The All-Father heareth usi 
And his holy ear we pain 
With our noisy words and vain* 
Not for him our violence 
Stormiug at the gates of sense* 
His the primal language. His 
The eternal silences I 

Even the careless heart was moved, 
And the doubting gave assent, 
With a gesture reverent, 
To the Master well-beloved. 
As thin mists are glorified 
By the light they cannot hide. 
All who gazed upon him saw, 
Through its veil of tender awe* 
How his face was still nplit 
By the old sweet look of it, 
Hopeful, trustful, full of cheer* 
And the love that casts out fear* 
Who the secret may declare 
Of that brief, uouttered prayer f 
Did the shade before him oome 
Of th' inevitable doom, x 
Of the end of earth so near* 
And Eternity's new yearf 

In the lap of sheltering seas 

Rests the isle of Penikese ; 

But the lord of the domain 

Comes not to his own again ; 

Where the eyes that follow faO* 

On a vaster sea his sail, 

Drifts beyond our beck and hailf 

Other lips within its bound 

Shall the laws of life expound : 
Other eyes from rock and shell 
Read the world's old riddles weHt 
But when breezes light and bland 
Blow from Summers blossomed lans\ 
When the air is glad with wings 
And the blithe song-sparrow fcinga, 
Many an eve with his still face 
Shall the living ones displace. 
Many an ear the word shall seek 
He alone oould fitly speak. 
And one name f orevermore 
Shall be uttered o'er and o'er 
By the waves that kiss the bdoi% 
By the curlew's whistle test 
Down the cool, sea-scented air | 
In all voices known to her 
Nature own her worshiper. 
Half in triumph, half lament. 
Thither love shall tearful torn. 
Friendship pause uncovered 
And the wisest reverence learn 
Km the Master's 
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TEACHINGS OF AGA8SIZ. 

XJCCTTJRES DELIVERED TO THEAHDERSON SCHOOL 
OF NATURAL HISTORY 

The following reports of some of the lec- 
tures delivered by Prof. Louis Agassis before 
the Anderson School of Natural History on 
Penikese Island, daring July and August, 
1878, have been compiled from the note-books 
of students present at their delivery. Though 
necessarily incomplete, and to a certain ex- 
tent fragmentary, they will be found, as far 
as they go, substantially accurate ; and it is 
believed that in them the more important of 
Prof. Agassiz's discourses at Penikese are 
fairly represented. 

FffiST WOBD3 TO STUDENTS. 

PROFESSOR AQASSIZ'S OPENING LECTURE AT THE 
ANDERSON SCHOOL, DELIVERED JULY 9, 1873. 

Ladies and Gentlemen: Were I about to teach 
a class in the ordinary sense I should make a very 
differeut beginning. My intention is not, however, 
to impart information, but to throw the burden of 
study on you. If I succeed in teaching you to ob- 
serve, my aim will be attained. I do not wish to 
communicate knowledge to you, you can gather that 
from a hundred sources, but to awaken in you a 
faculty which is probably more dormant than the 
simple power of acquisition. Unless that faculty is 
stimulated, any information I might give you about 
natural history would soon fade and be gone. I am 
therefore placed in a somewhat difficult and abnor- 
mal position for a teacher. I must teach and yet 
not give information. I must, in short, to all in- 
tents and purposes, be ignorant before you. 

The very first subject to which I will call your 
attention is one where you would naturally come to 
me with questions. Do not ask them, for I shall not 
answer, bat I shall try to lay out your work in such 
away that you will find your own path without 
too much difficulty. What is the nature of the soil, 
and what is the geological constitution of this island f 
1 believe I know all about it; but I wish to prepare 
you to solve this problem, which is, by the way, no 
easy one, for yourselves. Try first to find how 
the island lies. We have no compass, but our 
main building runs East and West. Let 
that be your compass. Ton will find position 
an essential element in the study of geological char- 
acters. Perhaps you have already noticed the gene- 
ral outline of our island. You may have seen that a 
gravelly, water-worn neck of land connects a smaller 
island with the main one, and that the two run 
parallel. What is the meaning of the curve between 
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these two islands f What is the meaning of the flat 
beyond the curve f What is the meaning of the 
loose materials about us f What is the meaning of 
bowlder* scattered over the surface f It would be 
easy to explain all these features upon well known 
theories, but I should do you a poor service by any 
such ready-made interpretation. 

There are many other points to be considered 
before you will solve the problem. You must, for in- 
stance, distinguish the difference between materials 
in contact with the water and those above it; 
between the various dimensions of these loose mate- 
rials and their relative size as found above or below 
the tide level. What relation does the island bear to 
the adjoining islands f How are they connected f 
When you have occasion to do so, extend this inquiry 
to the main land. These are the elements for a com- 
prehensive appreciation of the way in which this 
island has been formed. This investigation would 
in itself be enough for a Summer's work. If you 
could answer me in two months the questions I 
have put to you here. I should say you have 
indeed done well. I want you to learn practically 
how wide is the field of science ; how muoh investi- 
gation of a valuable kind may be found even in this 
small area. And the method of investigation you 
apply here will enable you to examine the same 
subjects wherever you live. You will find the same 
elements of instruction all about you, where you 
are each teaching j and you can take your classes 
out and show them the same lessons, and lead them 
to the same subjects you are now studying here. 
And this mode of teaching children is so natural, so 
suggestive, so true 1 That is the charm of teaching 
from Nature herself. No one can warp her to suit 
his own views, ttbe brings us back to absolute 
truth as often as we wander. 

Until our apparatus comes of various sorts which 
has not arrived, we must occupy ourselves with the 
geology, and I would advise you to begin by collect* 
ing all the various kinds of rock on the island. Yon 
will be surprised to hear, perhaps, that you will 
find on this small space three-fourths, perhaps nine- 
tenths, of all the rocks in the United States. 

With these and a few words on the animals the 
students were already begining to collect, the mode 
of handling them, &o., this introductory address 
closed. It can hardly be fairly appreciated by any one 
who did not hear the next session two or three hours 
later, after the first ramble was over, when the 
Professor collected his class again, and drew them 
out by questions, and without telling them anything 
except a few facts which they could not by any 
possibility find for themselves in the neighborhood, 
showed them what they had in their own minds* 
and led them by comparison and combination to un- 
derstand the significance of what they had already 
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abaerved. This second exercise showed the fresh- 
ness and originality of this m>de of instruction from 
which routine was banished, and in which all pro- 
gross depended npon awakening and stimulating the 
mind by a direct contact with Nature. 



THE ART OP TEACHING. 

HOW STUDENTS SHOULD BE EDUCATED. 

GENERAL PRINCIPLES OF INSTRUCTION— METHODS OF 
IMPARTING KNOWLEDGE Ut NATURAL HISTORY. 

No one felt more deeply than Prof. Agassis the 
need of a change in the methods and aims of public 
Instruction. He was a constant friend and adviser 
of the teacher as well as the helper and inspirerof 
the pupil. The essential object of the course at 
Penikese was, first, to show teachers how to learn, 
and then to show tbem how to teach. Prof, A gajurf* 
felt that there was great need of getting ont of the 
traditionary ruts, especially in methods of instruc- 
tion In natural history. In the earlier part of the 
student's course he deemed it of much more im- 
portance to learn how to observe and investigate 
than to acquire by rote a mass of facts heaped to- 
gether for the stnden tf s convenience. He distrusted 
the methods of the books, and aimed to bring the 
student into direct and immediate intimacy with 
nature herself. ^Thls for years had been his method 
at the Museum of Anatomy. The great number of 
excellent teachers— not a few of them shining lights 
in the courts of science — who were graduated from 
that institution, shows with what success. 

In conducting the school at Penikese, Prof. Agas- 
sis introduced the method which he had pursued at 
the Museum with so much success. One of his first 
endeavors in the laboratory and lecture-room was 
to expound his views of the proper modes of teaching. 

Never attempt to teach, said the Professor, what 
yon do not know yourself, and know well. If the 
School Committee insist npon your teaching any- 
thing and everything, decline firmly to do so. It is 
ain imposition npon the teachers and pupils alike to 
require a teacher to teach that which he does not 
know. This much-needed reform has already begun 
in colleges, and I hope it will continue. More can 
he done in this way to improve our system of educa- 
tion than in almost any other. 

It is a great mistake to suppose that any one can 
teach the elements of a scieooe. This is indeed the 
most difficult part of instruction, and it requires the 
most mature teachers Not much progress can be 
made until people are convinced that everybody is 
not capable of learning everything, and that teach- 
ers should not be expected to master every depart- 
ment of human knowledge. Do yon expect the great 
artists of the world to be good Latin or Greek schol- 



ars, or good mathematicians f No moro should yon 
expect a teacher to be perfect in all departments ex 
knowledge. To have a smattering of something it 
one of the great fallacies of our time. A teacher 
ought to know some one thing tocW. 

Select the most common things for ins t r u c ti on, si 
that the pupil cannot take a ramble without meeting 
the objects about which he has been informed. 
Train pupils to be observers. Never attempt to give 
instruction in natural history without having your 
pupils provided with specimens. The moat common 
specimens, as horseflies and crickets, will do as well 
as any. Let yonr pupils hold the specimens, and 
make them observe what yon say. > 

In 1847 1 lectured in Milton, Mass.. and I insisted 
that every person present should take a grasshopper, 
and hold it, and look at it. It was an innovation at 
the time. Help me to make it a universal method 
throughout the country. Accustom pupils to bring 
in the specimens themselves. Induce them to go to 
the next brook or stone wall to get their own text 
books, for which they pay nothing. Some specimens 
are difficult to preserve, and it is delicate work to 
accustom pupils to handle specimens carefully. The 
earlier this training is begun the better. The author 
of the Anatomy of the European Cockchafer, before 
commencing his investigation of this animal, ab- 
stained from all stimulants for weeks so that he 
might have full control over his muscles* 

The study of nature is direct intercourse with the 
Highest Mind. When yon sit down to natural his- 
tory work, it should be with the intention to give 
yourself up to the thought. It is unworthy an in- 
telligent being to trifle with the works of the Cre- 
ator. Even to a materialist they are the works of 
the highest power. A laboratory of natural history 
is a sanctuary, in which nothing improper should be 
exhibited. I would tolerate improprieties in a church 
sooner than in a scientific laboratory. 

Talk about your specimens and try to make the 
pupils observe the most telling and striking features. 
When yon collect a specimen be sure to find out 
what it is, and make full memoranda of everything 
pertaining to it. Do this in every case. Ton have 
chances to find new things unknown before. Col* 
lect carefully and preserve well, so that the speci- 
mens will tell the story of the animal. There should 
be a little museum in every school-room; half a 
dozen species of radiates, a few dozen shells, 100 in- 
sects, a few fish, reptiles, birds, and mammals would . 
be enough to teach weU. De Candolle, one of oar 
most scientific botanists, said he oonld teach all he 
knew of botany with a dozen plants, tt 1b better to 
bave a few forms, well known, than to make pupils 
acquainted with many hundred species the first 
year; better be well acquainted with a dozen sped- 
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m title retail of the first year's work, than to 
hmve $2,000 with which to hay a large collection. 

When yon are collecting, he sure to make a careful 
record of the locality from which each specimen is 
obtained. In this way yon can do good work for 
science hy assisting in the determination of the 
geographical distribution of animals. A specimen, 
the locality of which is not known, has hut little 
scientific value. Every specimen in the Museum of 
Comparative Zoology is a gennine specimen, the 
locality, donor, date, <fcc of all being carefully 
recorded. 

The first thing to be determined about a new speci- 
men is not its name, but its most prominent charac- 
ter. We can study the plan of the radiates, we can 
learn the type, from one specimen as well as from 
another, or from many. It is unnecessary to know 
* great variety in order to know many. 1 
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THE BKST BOOKS. 

DIRECTIONS FOR SELECTING BOOKS FOB 

STUDY. 

▲ CRITICISM OW PUBLIC UBRABIE8— RARITY OW 
WORKS OW VALUE ON NATURAL HISTORY— TOO 
MANY BOOKS ARE MERE COMPILATIONS. 

Though Prof. Agassiz was strenuous in his efforts to 
encourage original research and immediate acquaint- 
ance with Nature, he did not overlook the value of 
hooks. His words of direction and warning in this 
respect are of great importance to the student. 

My design, he said, Is not to exclude from yonr at- 
tention all hooks whatsoever, but to deter you from 
reading the host of worthless hooks upon Natural 
History which were written hastily by men who 
knew little or nothing of the subject, and mainly 
to make money. If I can teach you to discriminate 
between those things worthless and those valuable 
in books, I shall have accomplished very much. Not 
every report of facts is correct. I have nothing to 
say against infallible creeds, but a great deal to say 
against infallible science. The best books for study 
are monographs from men who have made the in* 
vestigation of a single branch the work of a life- 
time. Take, the jelly-fishes, for instance. They 
have been well studied; but the most valuable lit- 
erature on this subject is contained in foreign lan- 
guages. We have one good work by Dr. Almonsin 
English, and a beautiful monograph of the naked- 
eyed medusa hy Edward Forbes* 

What we need is books of this kind, which shall 
he accessible to student* There is not in this coun- 
try a library where a student of science, acquainted 
with his subject, can resort, confident that he shall 
find what he needs. Of course I do not speak of the 
incompleteness of libraries in the department of 



history or general literature. Ths people are libera 
but they do not know this need, and therefore it ht»j 
not been supplied. Hook to yon for. help in form- 
ing libraries. To you more than to any one else we 
must look for improvement in this direction. We 
have a fine library at Washington, the library of 
Congress, yet in its scientific department it is com- 
plete only in one particular, that of scientific periodi- 
cals. It has records of the transactions of scientific 
and learned societies in all parts of the world. In 
Philadelphia there is a good library of zoology, 
valuable in the department of birds, but deficient in 
other departments. The Boston Society has a good mis- 
cellaneous library. Our Museum library at Cambridge 
has a good collection of books on fossils. But there 
is nowhere a complete scientific library, and only a 
half dozen of those which pretend to be such 
libraries are fit to be studied at all. Thousands of 
wortnless text-hooks are priuted whioh are com- 
piled and abridged by the scissors from better books, 
but there are few text-books of original research. 
We are not productive. We are used to getting our 
information second-hand. I think it is a misfortune 
that there are so many separate libraries, instead of 
a few centers, where scientific books, no matter how 
expensive— and scientific books are expensive, and 
it would not be wise for you to attempt to make 
your own libraries what yon might wish— might be 
collected and circulated to surrounding schools or 
held for consultation. There need not be many 
such centers. One would be enough for New-Eo- 
gland. As it is, we have too many separate centers 
o? information. It wonld be better if tho five col- 
leges of Massachusetts— not to go beyond that 
State— were united in one. Even then its resources 
would be insufficient. 

The chief difficulty with European books is that 
only European animals are illustrated in them. Text- 
books of zoology and botany should be made in the 
country where they are to be used. Other and more 
exact sciences are universal in their subjects, but 
natural history must have different text-books for 
each country. Those plants and animals should be 
chosen for illustration in text-books which 
are most oommon, whioh will meet the 
eyes of the greatest nnmber of students. At 
the same time they should be typical species, 
such as are telling (a favorite word with the 
Professor) in as many directions as possible. I- have- 
not the requisite knowledge of the geographical dis- 
tribution of typical forms to enable me to make such 
a text-book of zoology for this country. I feel my* 
self competent for such a task, said the Professor, 
only in the departments of fishes and radiates. •' 

As a cyclopedia of Natural History, Cuviers Ani« 
mal Kingdom, the last illustrated edition, is to be 
recommended as the most trustworthy and complete* 
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It is a library in itself. It ia the beat work of its 
kind in any language, and ought to be in every 
school library. It is the fountain from which are 
drawn all the illustrations of modern text-books. 

Huxley's Comparative Anatomy is the best work 
on that subject extant. Owen is to be need cau- 
tiously as a work of reference. Wood's Natural 
History is useful, but poorly written. 

Darwin's Animals and Plants under Domestic- 
ation is the best and fullest presentation of the facts. 
His monograph on Clrripedia is a model of full and 
accurate investigation. Prof. Agassis paid a beau- 
tiful tribute to the character of Darwin as a natu- 
ralist, as an investigator, and as a man. His Natu- 
ralist's Voyage Around the World is, he said, com- 
parable to Humboldt's Cosmos— a work which the 
Professor held also in the highest estimation and 
earnestly recommended to students. Darwin, he 
thought, was a man whom every one that knew him 
must love. Prof. Agassiz never placed his opposition 
to him on any other than scientific grounds. 

At the request of students, Prof. Agassis gave a 
list of his own works and of several other works of 
special value to the student of Natural History, as 
follows: 

Agassis'* Contribution to Natural History of the 
'United States, four volumes, $6 to $10 per volume. 

Agassiz'a Essay on Classification, quarto, 12. 

AoasBix's Methods of Study, $1 60. 

A«um)*> Geological Studies. $1 60. 

Mrs. Affasslz't Seaside Studies, $2. 
' Travels in Brazil, 15. 

Huxley '« Comparative Anatomy, 13 50. 

Owen's Comparative Anatomy, throe volumes, IS to 
'flO per volume. 

Cuvier*8 Animal Kingdom. 

Wood's Illustrated Natural History, three volumes, $4 
-to 15 per volume. 

Darwin's Animals and Plants under Domestioation, as. 

Packard's Guide to Study of Insects, $4. 

The American Naturalist, $4. 

iH. J. Clark's Mind in Nature. 

On another occasion, at Penikese, administering 
advice to students, Prof. Agassis said, " Know one 
field well." In order to understand the relations of 
the different branches of human knowledge, of 
science, read its history. Read Cuvier's Develop- 
ment of Science, De Blainville, Pouchet, and 
others. Linn sens and his school gave birth to the 
•• stody of Natural History, inspired the whole world. 
Science has been built anew since the middle ages. 

Gegenbaur's Comparative Anatomy is the beet 
work of its kind, but his classification is faulty. 
iHo' becomes lost in complication of structure and 
(multiplicity of details, and fails to detect the true 
affinities of animals. There is danger in paying 
:too much attention to details. When one becomes 
- absorbed in details he loses all capability of broad 
views. Buttnere is no investigation so special, if 
made with a view to comparison, but that it will 
•Jtelpone. Oegenbaur paints his pictures singly, as 
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though there were no 
different things he paints. 

Until you know an animal, care not for its name 
This whole world is a school for us. Science became 
what it is by the hardest possible investigations, 
under difficulties which are in great part removed 
by the finding of animals so abundantly in America. 

Under the present system of education in the 
United States, it is hardly possible to make the 
study of Natural History permanent and effectual. 
There ought to be as many naturalists as there are 
schools, under the present system ; for to teach it, 
one must know something about it. A system should 
be established which would allow the teachers to be 
specialists and to go through the different grades of 
schools with the same branch of study. Prepare a 
student to do well for himself. Awaken the power 
of observation that will enable him to rind his way 
for himself. I always give new students a box of 
different specimens to find out what they can do 
with them. Do not wish to pour into students what 
they cannot hold. My way of teaching is by demon- 
stration, in which a pupil has a great deal to do 
himself. 

I would warn you against manufacturers of books, 
men who are mere compilers, who know nothing— 
of their own knowledge— of the subjects about which 
they write. Go to the sources of information. You 
would not read Shakespeare from commentators and 
translators. Consult your own knowledge. Remenv 
ber, too, that science is the recovery of the ideas 
that were in the Creative Mind. Love, devotion, 
simple humility, and submission to Nature, not an 
endeavor to oontrol Nature, give success to ths 
naturalist. 



BASIS OP CLASSIFICATION. 



THE STRUCTURAL RELATION OP ANIMALS 

MEANS OF MAKING CORRECT COMPARISONS BETWEEN 
DIFFERENT ORDERS OF CREATURES — THE CLAS- 
SIFICATION OF FISHES— A VIGOROUS ONSLAUGHT 
ON THE DEVELOPMENT TFIKORY. 

Classification in Natural History has a meaning, 
and is not a human contrivance. In classification 
we must shut out from the field of investigation all 
that which is arbitrary and empirical. Our classi- 
fication, to represent nature, must conform to it. It 
1b a mistake to single out certain special features as 
a standard, and adhere to these only. Classification 
is a difficult matter, and as such wo must recognise 
it We ought to know and confess the limits of our 
information. Those who have an answer for every 
question must make up answers. It is Jbard to say* 
M I do not know," especially for teachers. Bnt I 
would trust no one who has not the courage to d? it 
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Be sure that the method* pursued predetermine 
the results. It is as important to be careful of 
methods m of facts. Every chemist knows this. 
Chemistry and Physics are far in advance of Botany 
and Zoology as exact sciences. The chemists and 
physicists test their methods with more care than 
do naturalists. The astronomer goes farther still, 
and takes his own physical organization into ac- 
count. He applies a correction to bis observation, 
which is known as the "personal equation." The per- 
sonal equation should be allowed for by naturalists. 

Linnaeus, who had an eye for affinities such as few 
men ever had, was tbe first to introduce some con- 
siderations on the classification of fishes, which have 
had a permanent influence. He separated fishes 
like sharks and skates, with cartilaginous skeletons, 
from the bony fishes. Then he divided the bony 
fishes according to tbe position and characters of the 
fins. Astcdi opposed this classification, and though 
at first unheeded, Cuvier afterward adopted his 
idea, which was that bony fishes should be separated 
into classes— A oanthopterygia, with sharp spines in 
the dorsal fins, and Malacapterygia, fins without 
spines. 

When I began to study, I wished to identify fossil 
fishes with those now living. But after studying 
fossil fishes for many years, I found that the old 
classification, based upon cartilaginous and bony 
skeletons, would not answer. I tried the scales to 
see what basis they would offer for classification. 
1 divided the scales, according to their form and 
structure, into four kinds, to which I applied the 
names, Cycloid, Ctenoid, Ganoid, and Plaeoid. 
When this classification was compared with that of 
Artedi, it was found, curiously enough, that the Cy- 
cloids and Ctenoids included almost exactly the 
same species as the Acanthopterygians and Malaoop- 
terygians. Fishes like the sturgeon and garpike, in- 
cluding all fossil fish from the Silurian up to the 
Cretaceous, not counting sharks, have Gauoid scales. 
Sharks and skates have Plaeoid scales. 

The sturgeon was the battle-field of naturalists 
for 10 years, but the question is settled now, and the 
sturgeon is classed with the garpikes and other Ga- 
noids. Johannes Muller found no two fishes more 
closely allied in anatomical structure than garpikes 
and sturgeons, which 1 had already shown to be 
closely allied with respect to their scales. The gar- 
pikes have reptilian characteristics. 

We see the importance of grouping animals by 
rheir general resemblances, criticising every step as 
we got j Do not not take up definite features as dis- 
tinctive otaracters, but take the whole animal and 
classify by a general resemblance of all the features. 

Johannes Muller, the master of Comparative 
Anatomy at present, has made divisions resting 
upon distinctions which are physiological and not 
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zoological, considering things of paramount impo* 
tance which ought not to he so considered. The 
presence or absence of the nictitating membrane he 
makes the basis of a distinction between two classed 
of sharks, while in reality every vertebrate at a cer» 
tain stage of growth has a nictitating membrane. Ha 
divides selachians into two classes, according at 
they have or have not spiracles, when really there 
is a perfect gradation from those which have none 
to those which have perfectly aeveloped spiracles % 
thus widely separating animals which are closely re- 
lated in structure. 

Embryology will lead to better things ; but wo ' 
shonldnot follow the indications of embryology 
implicitly, but question every step. It will show us 
differences akin to the difference among adult ani- 
mals. In the egg the structure is simple. The pi o- 
gress in structural complication is consecutive. We 
must examine the character of our standard as well 
as of our facts. 

The classification of mammals, though further ad* 
vanced than that of birds, is still not based on the 
true affinities of structural complication. The 
manatus, or sea-cow, for instance, which is usually 
classed with the whales, is shown by the study of 
fossils to be closely allied to the elephant, 
Batrachians are closely related to ono 
another anatomically. The lowest ba* 
traohians resemble the embryonic forma o£ 
the higher batrachians. Among true rep- 
tiles, no embryonic affinities can be traced as in 
batrachians, The embryo turtle does not resemble 
any other reptile. At no period in its life is it snake* 
like or lizard-like; but at a very early stage it re« 
sembles birds. It points forward, not backward. I) 
is on anatomical grounds, structural complication, 
that we place the lizard before the snake and the 
turtle before the lizard. The crocodiles stand before 
ordinary lizards in complication of structure. They 
also have characteristics that ally them to the ex- 
tinct fauna of past geological ages. Though snakes 
are later tbau the geologic representatives of croco- 
diles, crocodiles are higher than snakes. 

A synthetic type is a group of animals in which 
characters found independently in other groups are 
found combined. Lizards are a synthetic type* 
They are comparatively old in geologic time, and 
these geologic forms are not among the simplest, for 
the first reptiles were higher than any that ever fol- 
lowed. Make transmutation of this if you can. It 
is not true tbat animals have followed each other in 
successive progress and development. 

Prophetic types are animals that at an early period 
combine characters which are found in animals of a 
higher order in later time. We have among these a 
natural series from lower to higher structures. The 
gradation Is a structural gradation, and in the em- 
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bryonio condition a) In batraohians. In turtles, the 
embryonic condition points higher than themselves. 
Winged reptiles were a prophetic type ; tbey antici- 
pated birds. Embryo birds point backward to the 
pterodactyl and to the plesiosaurus. 

There are those who assume that the earliest ani- 
mals most have been simple in structure, but each 
type starts with higher species than most of those 
that follow. 8elachians and ganoids, which are the 
earliest fishes found, are infinitely superior in com- 
plication of structure to any that come after them 
in geologic time. Tet there are men who call them- 
selves naturalists, who, in face of the facts whioh 
have been known for 20 years, say that the amphi- 
oxus was the first-born of vertebrates, and resem- 
bles the asoidians. It is not only false but it is a 
lie. No bony fishes have ever been found in any of 
the older rooks. 

Take another case : The earliest embryonic fea- 
tures do not necessarily resemble the oldest forms. 
If it were so we should expect to find ohimeroid 
fishes in the earliest formation, which is not the 
case, as the Chimeras are not found below the 
Jurassic Sharks and skates, whioh are higher in 
structural features, are found even as early as the 
Silurian period. Selachians stand very high in the 
class of fishes, and they are the earliest of the globe. 
Their eggs are few and large ; the embryo is large, 
aud they have gestation in the sense that mammals 
have. Tet gestation is not found in the reptiles, 
whioh oome later, nor even in the birds. We have to 
make a leap to the mammalia to find anything 
similar. This means that these fish have the highest 
atruotoral features of the highest vertebrates. They 
indicated what was coming. That the lowest animal 
appeared first is a fallacy, and all talk to the con- 
trary is revolting dishonesty. In order to classify 
animals we should be familiar with the facts of 
geology; should know the order of succession of 
animals in time. 

RADIATES. 

A radiate is a spheroidal body with a vertical axis, 
the poles of which have unequal value, and the 
segments of whioh have unequal value along their 
vertical line. Radiates do not radiate in all direc- 
tions as the books say. All their parts stand in 
equal relation to a vertical axis having unequal 
poles. The vertical axis may be so extremely 
lengthened or shortened as to make radiates of very 
different appearance. But they represent the same 
plan. A knowledge of plan is an essential aid to 
the thorough study of any animals. 

Eleven systems of nomenclature are used to de- 
scribe radiates when one system should and 
would do as welL This is fbehight of absurdity. 
The. radiates constitute one primary division of the 
animal kingdom. Radiation and radiation alone 
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holds together as an organlo unit polyps (corals), 
acalephs (felly fishes), and eohinoderms (star fishes) ; 
and when Luckart proposed to separate polype and 
acalephs from echinoderms and make an independent 
sub-kingdom of them under the name Coelenterata 
he carried science backward. Change is not always 
progress. Huxley, Haeokle, Luckart, and a ma- 
jority of German naturalists are wrong in their 
tendencies. They lose sight of plan in complication 
of structure. They mistake the mode of execution 
of a plan for the plan itself. Radiates whioh are 
simple are just as much radiates as those which are 
complicated. 

Echinoderms, acalephs, and polyps present three 
modes of execution of one plan of radiation. In 
polyps the radiating partitions or septa are thin and 
blood-like, generally numerous, never fewer than 
six, and sometimes there are hundreds. In acalephs 
the divisions between the cavities are very thick, 
and the cavities themselves are reduced to mere 
thin tubes communicating with the oentral cavity. 
In echinoderms the cavities are entirely separated 
and the septa meet. 

Radiates may be long, cylindrical, and wormlike, 
as in the holothurians, or they may be mere flat 
disks, as the flat sea-urchin and some jelly-fishes. 
Their details may be very different. The shape does) 
not determine the class. Those features of animals 
which constitute analogies are general resemblance, 
not based on identity of structure. ' Homologies are 
resemblances based on identity of structure. Re- 
semblances based on similar combinations, on gen- 
eral external appearance, are of ten mistaken for 
resemblance based on identity of structure. That 
is, analogies are mistaken for homologies, as in the 
ease with whales and fishes. Analogically, whales 
are referred to the fishes, but homologically they 
belong to the mammals. 

There is a certain amount of bilateral symmetry 
in all these radiates. There is one, and only one, 
vertical plan on either side of which the parts are 
symmetrically arranged. The natural attitude of an 
animal and the normal position may be quite differ- 
ent. The normal position is the position in whioh 
we must place an animal in order to compare it with 
the order of its class. Acalephs naturally have the 
mouth downward. Actinias naturally have the mouth 
upward. Holothurians lie upon the side. These 
are the natural attitudes, bat for comparison we 
must place their axes all in one direction, place them 
in the direction natural to the majority; that Is 
with the mouth upward. 

RADIATES JS PALJSONTOLOOT. 

Cuvier and Lamarck were the founders of the 
science of palaeontology. Onvier gave the science 
its present form. He studied the fossil vertebrates 
and Lamarc* «V*voted himself to the invertebrate 
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fossils. Eobinoderma bare great palsdontologioal 
importance. They are the best preserved of all fos- 
sils, and are found in the Terr lowest f ossilif erous 
rooks. They have been found on every geological 
horizon, and the chain of their existence, as we have 
it is complete. Darwinists eannot say that the tran- 
sition links will be forthcoming. Each epoch has its 
own peculiar, well-marked forms, and there is no 
transition* 

The order of echinoderms, which figures most 
prominently in palaeontology is the order of crinoids, 
or stone lilies. They have a faint resemblance to a 
star-fish, supported on a pointed stem, which is fixed 
to the rocks. Baring the tertiary period and at the 
present time, there are cricoids without stems, as the 
eomatula. The eomatula is not a star-fish, as some 
text-books say, but it is a true crinoid. The young 
eomatula has a stem, and is attached to the sea- 
weeds, but it drops the stem when it reaches ma- 
turity. One interesting fact is tbat the oldest 
crinoids were most firmly rooted to the ground, 
and their arms or rays were very small. In 
these forms the stem and root elements prevail. 
In later times the arms become more folly 
developed, and the animals are less firmly rooted to 
the ground. This progression contiaues until in the 
Tertiary period, and at the present time we find 
free, moving crinoids with well developed arms, 
which closely resemble the higher order of star 
fishes. There is a steady progress from early to later 
times. This is beautifully shown by the class of 
echinoderms. We hi»ve the same picture in their 
embryology. The older adult forms resemble the 
embryonic forms of later times. The embryo of 
eomatula is like the adult Silurian crinoid. Such 
facts as these have led to the misconceptions of the 
transmutation theory. 

I may say here that the best sources of knowledge 
of crinoids are the reports of the American Geo- 
logical Surveys. 

The constituent or radiating parts of a radiate 
have been called segments; bat we need another 
word to express this idea. I think I have found a 
good name for these fundamental parts of a radiate; 
it is spheromere, a segment of a spheroidal body. 

In closing his lecture, Prof. Airassiz said : "Do we 
recognize in the manifestations of physical forces, 
as heat and electricity, anything indicative of 
thought and combination f Is there anything that 
shows that the lowest should be first f Do we not 
have in this series which I have indicated an evi- 
dence of intelligent action whioh we do not find in 
physical forces? Nothing bat a presiding intelli- 
gence could produce these wonderful gradations 
from the simple to the complex. Therefore I am 
opposed to Darwinism.* 
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AMERICAN GLACIERS. 



THE ICE SHEET WHICH COVERED THIS 

CONTINENT. 

EVIDENCES Or THE GLACIAL PERIOD IN AMERICA— A 
LECTURE DELIVERED BT PROF. AQASSIZ, AUG. 4 
1878. 

Ladies and Gentlemen : The facts by which we 
recognize the passage of glaciers over our globe are 
very different in different parts of the globe. The 
parts that have been studied are so different that 
the evidences are as diverse in Europe and America 
as we could well expect. This is chiefly owing to 
differences of climate. The evidences of a general 
glaciation are best known in Europe, but they are 
tolerably understood in North America, and have 
been observed in South America. They have also 
been noticed in Asia, Australia, and parts of Africa* 
and there is no doubt that the whole of our globe 
was colder than it now is at a time not far remote, 
geologically speaking. The chief differences be* 
tween the aspects of glacial phenomena in Europe 
and America I will endeavor to explain to you. 

Not in Switzerland alone, so admirably exhibited 
on this map of its mountains made by Guyot, but in 
the Pyrenees and south of them, in Austria, in the 
Caucasus— everywhere, the remains of glaciers are 
found in connection with mountains. Both sides of 
the Scandinavian range are full of great fiords, which 
extend all round Norway and Sweden, and it is 
probable that in the north of Sweden there were 
formerly great glaciers treading into the White 
Sea. In 1840 I first explored Scotland, and found 
traces of glaciers descending from her mountains. 
There, as usual, I found the' radiation of great 
masses of ice from mountain-centers, and yet there 
were not wanting indications— few, but very telling 
—of still greater masses spread all over the country, 
without reference to inequalities of surface. For 
there were marks of glacial action on the tops of the 
highest ranges— scratches from north to south. Dr. 
Buokland, of the University of Edinburgh, follow* 
ing my suggestion, first found them on the very 
summit of Shehallion, and to him we owe the first 
fact of that general glaciation which preceded all 
other. So, high up on the Scandinavian mountains, 
scratches are abundant, and all trending South* 
ward. 

What are the characteristic features of glacis! 
action in this country T With the exception of evi- 
dence of a few local glaciers iu the White Mountains 
and elsewhere, all other traces are the marks of a 
glaciation which has been uniform, and from north 
to south. When first coming to this country, in 
1846, we stopped a few hours at Halifax. I ran up 
from the steamer to the fortress, aud there saw what 
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I had anticipated— atria, scratches, grooves, north 
and south, and I have since traoed them across the 
continent. There are looal variations which can be 
explained, and a tendency toward the east which 
can he accounted for by the easterly direction of the 
continent and the character of the Atlantic coast. 
I might say mnoh jost here on the motion of ice, and 
Apon its reservoirs, bat I shall merely mention that 
the movement of ice masses is meteorological, de- 
pending on the moisture which falls, and the differ- 
ence in the amount of moisture in higher as com- 
pared with lower regions. All these considerations, 
together with differences of temperature, determine 
the motion from colder to warmer, from a region of 
greater to one of less condensation. All the condi- 
tions which determine motion along a mountain 
slope are not the features of the slope, but the accu- 
mulation of moisture (snow) in the higher regions. 
Thus the prevailing north-southerly direction may 
be combined with local effects varying it to some 
extent. 

All phenomena of glaciers outside of mountain 
tracts exhibit a north and south direction, with an 
easterly trend, which I think is owing to the depres- 
sion of the Atlantic Ocean as compared with the 
land, and were it not for this slight easterly coast- 
slope the line of movement in the United States 
would be Quite perfect ; as it is, the deviation is 
comparatively slight, the distinction being essen- 
tially from north to south. This will appear very 
evident by some additional facts. 

No part of the country yields native copper except 
the vicinity of Lake Superior, where it occurs in 
large masses. Now, bowlders of native copper are 
found scattered orer all the Western States, bearing 
marks of glaciers— a true index of transportation by 
a body moving southward;, for we can trace them 
right back to their original beds. In the eastern 
part of Massachusetts occurs the " Roxbury pud- 
ding-stone," a peculiar conglomerate readily recog- 
nized, and you find loose bowlders of this pudding- 
stone on this very Island (Penikese) and all the way 
between here and Boston, but none north or west. 
Here are, in east and west, indications of a move- 
ment of these loose materials, and if you examine 
looks along the Great Lakes you see the same, as ex- 
emplified by the presence of certain crystals for in- 
stance. Therefore, as a broad front extending from 
the Rocky Mountains to the Atlantic, we have the 
marks of masses of ice all moving in the same direc- 
tion. 

It would be very important to know how thick 
the ice was. Have we any means of ascertains this f 
Look at the plains about Portland (Me.), or those to 
the north of the White Mountains. They are every- 
where glacier- worn— exhibit abundant evidence of 
Having been planed by the advancing ice. As you 



ascend the slopes of the White Mountains you meet 
continually the characteristics of glacial phenomena, 
even above the clouds, for the sides of the moon- 
tains are striated, scratched, grooved, and polished 
in parallel lines having a north-southerly trend. 
There is no. set of hills lower than that whose sum- 
mits are not scored. Mount Desert, 1,800 feet high, 
is as polished, grooved, and scratched as any rock at 
present under agency of glacial action. So that yoa 
here have the evidence that the ice ha* moved over 
them as on a level surface, and you find the same 
bowlders.south of the White Mountains that you do 
north of them, showing that that range was no im- 
pediment to the glacier. Now how much higher 
must a mass of ioe be than its obstacle in order to 
glide over it. Experiments have proved that about 
as much ioe above as below will carry the mass over. 
Here, then, we have data for estimating that the ice 
covering these regious and working southward must 
have been from 10,000 to 15,000 feet thick. Such a 
mass is heavy, and it moves, aud moves uniformly, 
and it is to such a moving mass that we must ascribe 
all the present configuration of the continent. 

By uniform abrasion of rocks, evenness of their 
surfaces over a large extent, and like trend of fur- 
rows is meant. It is quite remarkable as a pecu- 
liarity of American drift that it consists of three dis- 
tinct kinds. There are large expanses covered with 
sand, loam, and round pebbles, amounting to con- 
siderable dimensions ; and there is other drift that 
only incloses round bowlders. Ton would travel a 
long way in Europe before you found such. Why f 
Because on this side ice covered the whole conti- 
nent, above which there were no mountain peaks, 
while in the Old World, on the contrary, the gla- 
ciers were restricted to the mountain regions, and 
the debris which fell from the peaks was carried to 
the foot of some glacier, or was precipitated by the 
way, as rough and angular as when it was torn off 
With us, however, the loose materials imbedded in 
the glacier, or plowed up by its foot, were all the 
time grinding to powder between the mass of ice— 
which was studded underneath like a gigantic rasp, 
with rocks frozen into it—and the solid rock in §it», 
over which the glacier was moving. The glacial 
phenomena of America are thus essentially differ- 
ent from those of Europe. That kind of accumu- 
lation (sand, loam and pebbles) which we find most 
frequently, is made of the dust rocks that would 
break up readily, and others too bard to be reduced 
to powder, and you thus have a mixture. But when 
the ioe moved where the rook was soft, there are no 
bowlders or pebbles left in its traok. This is the 
ease over Illinois and Indiana, where no erratics 
are found, because the rook north of those States 
was too soft to withstand the grinding power of the 
glacier. Clay slates, clay limestones, &c., whea 
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crushed, would make loom and clay, and you have 
in some sections immense beds of soil without peb- 
tries, which have been ground down by this all- 
smoothing plane. 

Yon see, therefore, that we may have three kinds 
of drift diflering only in respect to the liability of 
their components to be reduced to sand. Now I 
would mention a few features very peculiar in 
North American drift. These may be well observed 
in the lake region of Western New- York, in the in* 
numerable lakes trending north aud south, with 
their northern outlets and southern inlettf. In all 
the glacial phenomena are very plain. I have seen 
them on Cayuga Lake. There you may see that the 
aides of the lake are well scratched and grooved, 
and there is little doubt that the depression and 
shapintais due to ice. Evidently there came a time 
during the retreat of the glacier when this lake 
region was the southern extremity of the ice-sheet, 
and formed many fiords exactly similar to those at 
present indenting the coasts of Norway and Green- 
land. But when the great ice-sheet presented these 
fiords on its southern margin, they were covered 
with lateral and terminal moraines, and at the 
southern end of the lakes you have to this day con- 
centric moraines just as you find them now in 
Switzerland. One thing I want to impress upon 
yon : These indications are as plain as sign-boards. 
It requires no imagination to find them, and you 
must shut your eyes if you would not see. 

Now these moraines extend south at intervals, 12 
of them, before you reach the hills from which the 
lakes are now fed. The lakes are drained in a south- 
northerly direction, and the currents encroach and 
react upon these moraines, tending to destroy the 
appearance of their true origin. You may observe 
these same phenomena in connection with all other 
lakes in the northern half of our country. 1 have 
seen them at dozens of lakes in Maine. 

Anybody who will study any of the road-cuts or 
«ravel*pits, or make observations as he rides along 
in the cars, may satisfy himself of alternate bands 
trending north and south, consisting of clay, &c, 
more or less wide in accordance with the geological 
constitution of the region to the north of them, 
whence the drift came. You have in every one of 
these bands, both material from the starting point, 
and material gathered up by the way. Ice as it 
moves along will take up and imbed in itself much 
of the looser material it passes over. I have been 
repeatedly under Alpine glaciers, and seen them 
paved underneath with rocks, large and small, which 
are all the time grinding over the surface like a 
huge file. These materials, frozen into the glacier 
known as " bottom drift,'' may turn and get 
. scratched in efvery direction, but the surface below 
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will only get scored in the general direction of mo- 
tion. 

These bands may be one or twenty miles wide, or 
only a few yards* One locality has long been 
known, and yet baa remained a puzzle— the " Rich- 
mond Bowlders"— in Western Massachusetts, where 
you have seventeen or more parallel ridges trending 
from north to south. To the north of Richmond^ 
are three ranges of hills running east and west, and 
at right angles to them these seventeen ridges trend- 
ing southward. These ridges are made up of bowl- 
ders from the different hills, all of which can be 
traced back twenty miles or more to the three 
ranges of hills. It has been a puzzle, because the 
transportation of this great mass of material was 
supposed to have taken place on the back of Ice- 
bergs or glaciers. But our drift is bottom-drift, 
which the ice-sheet picked up in its labored, grating 
passage over the three ridges that stretched across 
its path north of the town. It is only a special ease 
of the general law by which bottom-drift is carried 
over all inequalities under the glacier and is not 
at all an exceptional feature, yet Lyell tn his 
Antiquity of Massachusetts makes a physical puzzle 
out of it. Conceive seventeen rows of icebergs mov- 
ing along in stately and well-ordered ranks, and all 
dropping at particular points their load of rocks ! 
These evidences are being gradually effaced in many 
places by meteorological agencies. 

In the southern hemisphere you find exactly the 
same phenomena, but in reverse order. At Monte- 
video I first observed the northern limit of glacial 
action. There are rounded hills, truncated, pol- 
ished, and shaped as no other agency ever fashions 
them. There continue all along the coast of Pata- 
gonia and through the Straits of Magellan, the same 
features which have been observed in the northern 
hemisphere; but everywhere the direotion is from 
the south toward the north, from the Pole toward 
the Equator. Bo that we can no more doubt that a 
great cap of ice covered the southern hemisphere 
than that a similar cap spread over the northern. 

At Talcahuano in Chili a trend of scratches west* 
ward toward the Pacific appears, and this seems to 
confirm the fact that a great oceanic depression is 
sufficient to influence the oourse of such a glacier 
both as to direction and rapidity. 

The same facts which obtain in the northern ap- 
ply as well in the southern hemisphere. Another 
ndication I will mention. Whenever a hill stands 
east- west, and slopes north and south, in the northern 
hemisphere, the northern slope is affected by the 
glacier passing over it, but the southern slope is not 
considerably. In the southern hemisphere tha 
southern slope would of oourse be the one roughly 
used* while the north would escape. After passing 
the Straits of Magellan, everywhere the •oatheiu. 
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elopes of the hills were smoothed, while their 
northern faces exhibited rough, nntrimmed surfaces, 
showing how the ioe-foot had plowed up one side and 
fallen in a great unwieldy arch, or bridge, down the 
opposite. This, as you see, is a sure index of the 
direction of maroh, and it is as plain there as in the 
United States. Indeed, I would like to call atten- 
tion to the fact that all the marks u{>on the rocks 
are as fresh in one hemisphere as in the other. 
There is no indication by which I can distinguish 
the effects in one from those in the other. 1 say this 
because some geologists have assumed that a differ- 
ence of climate, owing to certain processes, brought 
about the glacial period; and that the northern 
hemisphere must have been first affected. But all 
the evidence leads me to think that the causes were 
astrouomical and more powerful than supposed, so 
as to produce a period of cold in the northern aud in 
the southern hemisphere simultaneously. I cannot 
believe that there has been tbat alternation in the 
plane of the Equator which some students have sug- 
gested. 

One more remark: North of Talcahuano. as far as 
San tiago. Is a valley of bowlders, beginning at Chiloa, 
at the level of the sea, but ascending gradually 
northward till at Santiago it is many feet above the 
sea. In that direction has moved the ice, and you 
nnd all along the valley the material it has carried. 
On the east side of the Andes, and on the west, 
where the low coast range lies, you have something 
similar to Switzerland between the Alps and the 
Jura. This is occupied by erratics, and the explana- 
tion which has been found wrong in Europe will no 
longer do for this locality. 

The northern edge of the ice melted first; hence, 
in the northern part of the valley stratified deposits 
lie along in terraces from Santiago gradually south, 
and these alone would afford the most direct evi- 
dence, even if we were not acquainted with the other 
indications. I am satisfied that all these terraces 
were formed at a time when the ice-sheet terminated 
at each of them, and bauks were made in which there 
is no trace of marine origin. Here we have some- 
thing similar to the concentrio ridges south of 
Cayuga Lake— a parallel instance which shows the 
identity of the phenomena in both hemispheres and 
how entirely theoretical is the idea of alternate sub- 
sidence and elevation, 

EXTRACTS FROM ANOTHER REPORT OF THE 

LECTURE. 

The following portions of a report obtained from 
a different source, while in some oases repeating the 
foregoing expressions, are for the most Dart import- 
ant additions without which the lecture would be 
imperfectly represented: 

There is evidence of a great continental glacier 



over Europe, overriding all the local glaciers of a 
later time. 

As the great European glacier waned, its southern 
margin gradually retreated toward the north. 
leaving iu the mountain fastnesses and elevated 
valleys of the Pyrenees, Alps, and Jnras the local 
glaciers which have done so much to remove the 
traces left by the great ice-sheet, and which give 
shape to the present topography of those regions. 

The mountains of Scandinavia— the Scandinavian 
Alps— were for a long time a center of glaoiatien, from 
which radiated in all directions immense ice streams 
which fed the sea with icebergs very much as die 
Greenland glaciers do to-day. As the great ice- 
sheet continued to wane it is probable that the local 
glaciers of the northern parts of Norway and Swe- 
den may have commenced a retrograde motion, and 
moved in a south-northerly direction toward the 
Arotio Ocean. Northern Europe is covered with 
evidence of extensive glaciation, and the many 
fiords which indent the shores of the Scandinavian 
Peninsula and of Scotland are but the mouths of the 
great ice rivers. 

Eastern North America is a comparatively fiat 
country, and contains but few mountains, therefore 
when the continental ice-sheet began to wane it left 
but few local glaciers behind it. Traces of local 
glaciers have been found in the mountains of Maine 
and New-Hampshire. 

With these few exceptions, there is over the whole 
contment north of the 40th parallel, evidence of a 
universal glacier which moved in a north-southerly 
direction. The east of south trend of the glacier 
over New-England is accounted for by the great de- 
pression of the Atlantic, which gave the glacier a 
tendency to move in that direction. 

No part of this continent affords native copper in 
large masses except the Lake Superior region. Loose 
bowlders bearing marks of glacial action are found 
all over the States south of Lake Superior, while 
none have ever been found north of this lake. This 
is strong evidence of the north-south direction of 
the motion of the glacier. 

The pudding-stone of Eoxbory, Mass., which ex- 
tends westward to Foxboro, affords similar inoon- 
testible evidence in support of this point. 

Bowlders of this pudding-etone are scattered all 
over South-Ea8tern Massachusetts, a few having 
even found a resting place on our own little Penikese. 
Facts of this kind might be multiplied almost in- 
definitely did our time permit. 

Mount Washington bears distinct glacial scratches 
and groovings within 200 or 800 feet of its summit* 
and all the other mountains and hills of New- 
England, New-York, and about Lake Superior are 
evenly scored over their entire summits. These great 
inequalities of the surface were not sufflciout to in- 
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tempt the onward progress of the great ice-sheet, 
nor even to deflect it from its course. On the shores 
of Lake Winnipiseogee we find bowlders identical 
with those to the north of the White Mountains, 
which shows that these mountains were not suffi- 
cient to interrupt or deflect the onward motion of 
the glacier. 

The numerous lakes and ponds or lakelets which 
abound in the drift latitudes are a peculiar and one 
of the most characteristic features of American 
drift. The lakes of New- York may be taken as 
typical examples of the lakes produced by our North 
American glacier. 

The facts are these : The lakes trend N. 8., being 
elongated in this direction ; they have been out out 
of the solid rock ; their bottoms and sides are scored 
and grooved in a N. 8. direction; along their mar- 
gins are lateral moraines; about their southern 
ends are numerous concentrio terminal moraines, 
and their inlets are at the southern and their outlets 
at the northern ends. Lakes Ithaca and Cayuga 
exhibit all these phenomena particularly well. 

The explanation is that these basins were exca- 
vated by the terminal points of the glacier daring 
its retreat. The numerous terminal moraines Indi- 
cate baitings and oscillations in the retreat. Many 
of them are as distinct and moraine-like as any to 
be seen in Switzerland to-day. Wherever the 
southern margin of theice-sheet was elongated into 
points and tapes during its retreat, these lateral 
moraines were possible, such as we see bordering 
these lakes. Curiously enough, the water now flows 
in a direction directly opposite to that in which the 
glacier moved. Substantially the same phenomena 
are repeated in Maine and Minnesota. These New- 
York lakes are probably synchronous with the fiords 
of Maine. 

In the Northern Hemisphere the northern slopes 
of the hills are most strongly marked by glacial 
action, while in the Southern Hemisphere the re- 
verse is true, and the southern slopes bear the 
deepest impress of the moving ice. 

No evidence or indications of any kind are afforded 
by nature showing that the glacial phenomena of 
the two hemispheres were not synchronous. 

The theory of the Scotch astronomer, Croll, based 
upon the precession of the equinoxes, from which 
he concluded that the glaciation of the northern and 
southern hemispheres must have been alternate as 
to time, is wholly gratuitous, and does not account 
for the totality of the phenomena. 

DRIFT PHENOMENA. 

American drift material contains no angular blocks 
or bowlders such a* are so characteristic of most of 
the European drift. The reason of this is that the 
American glacier had no lateral or medial moraines, 
and the drift material was all formed under the 



glacier where it was impossible to escape abrasion* 
American drift exhibits considerable variations, de- 
pending on the kind of rocks over which the glacier 
moved, and of which the drift is made. 

The north-southerly motion of the glacier tended 
to form these different kinds op drift into bands and 
lines running south from the rocks from which they 
were derived. 

There are a number of such bands crossing the 
State of Massachusetts, and they may be found 
more or less distinct over the whole country. The 
width of any band depends in great measure upon 
the east- westerly extent of the rocks from which it 
is derived. 

North of Richmond, Mass., are three ranges of 
hills, trending in an east-westerly direction. Run- 
ning south from these ridges are seventeen or more 
parallel lines of drift. Some of the lines start from 
the southern ridge, some from the middle and others 
from the northern ridge, but they are all distinct and 
separate. The average length of these lines of drift 
is twenty miles. This Richmond drift has been a 
great trouble to all geologists ; utterly unintelligible, 
unexplainable by any other than the glacial hy- 
pothesis. 

But the true explanation is simple enough. All 
our drift is bottom drift. When the glacier passed 
over the disintegrating summits of tnese Richmond 
hills, the masses of rock became frozen into the 
bottom of the glacier, and once in that condition 
their transportation over the succeeding ridges was 
a mere question of time, and they would be carried 
in rectilnear, parallel courses from their points of 
derivation until dropped by the melting or breaking 
of the ice. 

Lyell, in his M Antiquity of Man," attempts to ex* 
plain this Richmond drift phenomena. He attributes 
the whole thing to icebergs, and his explanation in- 
volves as complete a physical impossibility as can 
be conceived. Beware of explanation* made to suit 
a particular case, especially when the explanation 
requires an ocean that could not exist, and icebergs 
that move as icebergs are never known to move. 

THE RANGE OP NOBTH AMERICAN GLACIERS. 

Within the present precincts of glaciers we find 
along their sides and terminations loose material 
which in all cases is derived from the higher regions 
from which the glacier came. Glaciers bring down 
a variety of loose materials detached from the rocky 
bed on which it rests. Lateral, terminal, medial, 
and bottom moraines are absolute facts. The ter- 
minal moraine is formed by the union of all the 
other moraines at the foot of the glacier. It is a 
mineralogies! collection containing specimens of all 
the rocks over which the glacier has passed. 

What can we make of that with reference to the 
extent the great glacier might hava r**~h?d, and 
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the manner in which the glacial age was ushered 
tn T It Is generally assumed that the glaciers com- 
tnenoed in the Tertiary period, and gradually ex- 
panded until they reached their maximum size, and 
covered those parts of the world which hear the 
Imprint of the agency of ice. Bnt we find on analyz- 
ing the conditions and phenomena of glacial action, 
that tills assumption of the gradual extension of the 
continental glacier is not Justified. If it were so, 
we should find at the outer limits of the 
fOaoier a huge terminal moraine composed of rocks 
from all the territory over which the glacier had 
moved. Suppose the glacier of Greenland to begin 
to swell and advance south, it would posh the 
bowlders and loose material before it. We should 
be able to tell how far it had advanced by the 
mineralogical constituents of its terminal moraine. 
We find no such thins anywhere, but we find traces 
of glacial action within limits that far transcend 
the region over which such constituents could have 
been transported. Let us connect what we know to 
make a readable history. 

American geologists have taught us that native 
copper, identical with the Lake Superior copper, is 
found all over the Western States to the latitude of 
•0 degrees. y Now, we know that the glacier extend- 
ed much further south than this, and if it had ex- 
panded gradually over the country, we should find 
this Lake Superior copper at its southern limit. 
On Penikese, we find pudding-stone that is not 
found out of Massachusetts. It must have traveled 
from Eoxbury, while the glacier has been traced to 
South Carolina. In New- York, minerals are found 
In the drift which are found in place in Canada, 
bnt whioh are not found in Kentucky, though er- 
ratics are found there. These are loose facte, and 
must be studied with the utmost accuracy to find 
how these materials have been transported. We 
must find the north and south limits of these 
materials. In Canaan. Western Massachusetts, there 
is a ridge from whioh it is known certain bowlders 
to the south have been derived. We deduce from 
this a number of conclusions of great interest. 
Lake Superior copper is strewn over about 500 miles 
of latitude/ ^ The distance traveled over by any one 
set of bowlders is always much less than the total 
extent of the glacier. In the Alps, where 
the glaciers move on steep slopes, and 
where the slope accelerates the motion of 
the glacier, the maximum motion 1b one 
foot per day; the minimum motion is 
SO feet per year. If we only knew the 
motion per year of the Greenland glacier we should 
have a better meapure for our own continental 
glacier. ^If the Arctic explorers had not met with 
obstacles we should have been able to apply it now. 
Since we have no positive data, we can form some 



idea of their motion by the number of icebergf 
which they send forth annually; for these iceberg* 
could not exist bnt for the advance of the glaciers 
into Baffin's Bay, where their ends are lifted by the 
water, broken off, and floated south. We do not know 
what these icebergs amount to, though it would not 
be difficult for an observer at the south end of 
Baffin's Bay to ascertain approximately by counting 
the number of icebergs that pass a given point anna- 
ally. 

But we will, to be within bounds, assume that out 
Continental glacier moved as fast as 100 feet per 
year. At that rate it would take 50 years for a 
bowlder of Lake Superior copper to have traveled a 
mile, and to have traveled to its utmost southern 
limit, 500 miles, would take 85,000 years; bnt it 
probably took a much longer time. If a rock in 
place south of Lake Superior should be found in the 
shape of bowlders further south than the southern 
limit of copper bowlders, it would be an additional 
evidence in support of this point. 

Although Lake Superior copper is not found sooth 
of the 40th parallel, yet there is evidence that the 
glacier extended as far south as Charleston, 8. C 
The interpretation of these facts is that the glacial 
period came on rather rapidly, through cosmic 
changes such as have produced other changes in the 
geological appearance of the earth, and we know 
that suoh changes have taken place. The Pyrenees, 
10,000 feet high, did not exist prior to the 
cretaceous period. The Juras, 6,000 feet 
high, are not as old as the Jurassic, and 
the Alps, 15,000 feet high, were upheaved 
by the Tertiary. So we are familiar with the fact 
that great revolutions have taken place over the 
surface of the earth. Causes now operating are not 
sufficient to produce all the geological phenomena of 
past ages, Lyell to the contrary notwithstanding. 
Mountain ranges could not he produced without 
revolutions which could not be measured by causes 
now operating. These will explain a variety of 
phenomena, bnt are inadequate to account for the 
present aspect of the globe. 

The glacial period was comparatively recent, sub- 
sequent to a time when our earth was much warmei 
than now, when the rhinoceros inhabited our West- 
ern prairies, and the mastodon and elephant roamed 
over Siberia and the high latitudes of this country. 
That this tropical state of things was changed 
rather suddenly is proved by the fact that mam- 
moths and other large animals have been found 
frozen in the ice in Siberia, with the flesh and akin 
still on them, and so well preserved that the waive 
and dogs will eat the flesh. A great climatic change 
came on very' suddenly; these animals became 
frozen in the ice, and have remained frosen ever 
since. 
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- Now let ns go over the globe to our imagination 
smd see to what the facts lead us. A snow-storm in 
Siberia sufficient to bury these animals so that they 
would remain frozen to this day could not have 
been limited to Siberia and North America. The 
laws of the distribution of moistnre are such that 
'when large masses of snow accumulate in the north 
the influence will be felt in the south, so that the 
•now would be simultaneous over both hemispheres. 
A great cosmic%l Winter set in over the globe which 
extinguished life to an extent not yet determined 
-This statement has not the value of a barometric 
observation, but still has a value, and is not a wild 
assumption based upon no premises. 

Within the north portion of ,our hemisphere the 
glacier passage is well marked, decreasing toward 
the tropics. The glacier also covered to a small 
extent ^tropical regions, and produced slight 
changes. When the copper was left uncovered by 
the ice, then all to the south of Lake Superior had 
disappeared, but still covered all the land to the 
north. During this glacial Winter the annual 
snow-fall must have been much Jess in the tropical 
regions than in the north, just as it is at the present 

- time. Now, can we determine how much or how 
•little Bnow there was anywhere? We concluded 

that there were 10.000 feet over the tropics. 
That does not imply that there were 
10,000 feet over the tropics. How much, 
then f This it is desirable to ascertain, 
so as to be able to lay down the isothermal lines for 
that period When Cuttyhunk and the other 
islands of the Elizabeth group were the terminal 
moraine of the glacier, our climate was like Baffin's 
Bay. Fifteen degrees further south, or about the 
latitude of South Carolina, the climate of New-En- 
gland must have prevailed, and at the hight of K > 
glacial period a climate similar to the present cli- 
mate of Labrador must have prevailed at the mouth 
of the Amazon. Ab soon as the ice began to wane 
the tropics became free from ice, and the southern 
limit of the glacier gradually retreated to the north, 
so that a better condition of things prevailed in low 
latitudes, while the north end of the continent was 
still under the ice. 

Europe, as compared to America, is a mountainous 
country ; they are a distinguishing character. The 
European glaciers, in past as well as present 
time, were limited by valleys more or less narrow, 
and the glaciers all had the usual lateral and termi- 
nal moraines which are now a prominent feature of 
those valleys. But in America we have no such nar- 
row valleys except over narrow areas. Over the 
broad expanse of the prairies and plains there are no 
lateral moraines, the glacier being continental in its 
extent, thus rendering lateral moraines out of the 
question. 
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The North American . glacier was uninterrupted 
from the Arctic Ocean to Alabama. The general 
tendency of the ice sheet over the States bordering 
on the Atlantic Ocean was to move N. W. to 8. E. 
All the small but marked irregularities are to be 
accounted for by local glaciers or local obstacles hi 
the way of the continental glacier. Almost all the 
bowlders in North America are rounded, but those 
of Europe are mostly angular. This proves that in 
our North American glacier we had no lateral or ter* 
minal moraines, and that our glacier was conti- 
nental in extent. We could only have had lateral 
or medial moraines in North America, where the 
mountains reached above the immensely thick sheet 
of ice. There are few or no large bowlders south 
of the line from Washington west. And 
here must have been the end of the 
glacier for a long time. Another line of 
terminal moraines extends along the southern shore 
of Maine and through the White Mountains. A third 
line is along the north shore of Lake Superior. The 
glacier must have been then oyer the Southern 
States. There may have been terraces forming in 
the valleys of the south before the ice began to melt 
in the north. The borders of the ice no doubt pro- 
tected the land from the erosion of the sea. But 
when the glacier began to wane, the bowlders 
dropped by the glacier would be worked over by 
the sea, and the surf would roll up a wall of water- 
worn pebbles, whioh would be mixed with the 
material brought down by the ice. The warm water 
of the ocean would also eat into and hollow out the 
front of the glacier. 

THE FORMATION OF GLACIERS. 

Whenever a glacier in motion meets an obstacle 
whioh it cannot remove, the glacier breaks, forming 
crevasses. Inequalities in the sides and bottom of the 
valley in which a glacier moves are the chief causes 
of breaks and crevasses. The round, vertical, deep 
holes found in glaciers are formed where a stream of 
water produced by the surface-melting of the ice 
pours into a crevasse, thus forming a cascade which 
bores out the ioe to a great depth. 

When the cataract has penetrated through the 
glacier it will form pot-holes in the rocky bed below. 
These glacial pot-holes are now found in places far 
removed from living glaciers, perched upon moun- 
tain sides or high ridges, where no ordinary river or 
torrent competent to produce them could have 
flowed Anterior to the glacial hypothesis no reason- 
able explanation could be given of the production 
of these ancient pot-holes. No one has done so much 
in tracing to their origin erratic bowlders as Prot 
Andrew Guyot. 

At the foot of the' glacier of the Aar are 80 ter- 
minal moraines, denoting halting-places in the 
retreat of the glacier. 
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There arc proofs that the glacier which covered 
the plain of Switzerland, between the Alps and the 
Juras, was «,000 feet thick. One of these proofs is 
that there are immense quantities of erratic bowl* 
des scattered over the declivity of the Jura facing 
the Alps many of which are more than 6,000 feet 
above the Plain of Switzerland. 

Some of these erratio blocks are of immense size, 
containing from 40.000 to 00,000 cubic feet, and many 
of them ean be traced to their homes hi the Alps. 
Evidently the glacier which transported them across 
the valley must have been at least 6.000 feet thick. 

The rocks in $Uu in the Plain of Switzerland are 
scratched, scored, and grooved in the direction of 
the Juras; the same course indicated by the bowl- 
ders and moraines as the course of the glacier. 
Btretohlng transversely across this valley from the 
Alps to the Juras are immense trains of bowlders, 
which are the lateral moraines of the ancient glacier 
which once filled the vaUey. 

Between .these lateral moraines the surface is 
covered with lust such material as we would 
expect from the bottom moraine of a glacier, 
viz., a heterogeneous layer of large and small 
rounded bowlders, clay and sand, laid down without 
any order or arrangement whatsoever. On top of 
this old bottom moraine are angular blocks that 
once formed the meduan moraine of the glacier that 
transported them. 

One of the great terminal moraines of the North 
American glacier crosses New-England about the 
latitude of the White Mountains. The White Moun- 
tains were once a center of glaciers. At Mt. Desert are 
evidences of local glaciers. There is great danger of 
confounding local with extensive continental gla- 
ciers. Continental glaciers preceded in point of 
time the local glaciers ; the local glaciers being the 
remnants of the continental glaciers. 
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MEMORABLE WORDS OF PROF. AGASSIZ. 

REMINISCENCES OF THE PENIKESE LECTURES AND 
SOME OF THE MORE REMARKABLE EXPRESSIONS. 

Prof. Agassiz could never content himself in a 

f 

lecture upon a scientific subject, however pressing 
the time, to deal with his subject without bringing 
in some advice of general import, some practical 
suggestion of universal application, and giving 
some specimen chipped from that substratum of 
primeval truth, which seemed to crop out wherever 
he stood} Human nature and the common ethics of 
everyday life were a not-neglected part of his natu- 
ral history. M His life was a bundle of hints." It 
was therefore not at all extraordinary that he inter- 



polated the following remarks into bis scientils 
lectures to the Anderson School : 

You have already discovered that we know but 
little, and that three-fourths of your questions ws 
are unable to answer. We only know how to inves- 
tigate, and that you must learn, and we can only 
guide you. No one can make observers of you, but 
you may be put under favorable circumstances. Oaa 
thing I would recommend; that you set aside aB 
conceit. Nothing is so humiliating as the stody of 
nature, and so beneficial. She is always right 
though we may mistake. 

All knowledge is individual. It must be your 
own and not that of anybody else. Your having a 
firm memory will not suffioe ; you must assimilate at 
you digest food. We must find out facts for ooi- 
selves, and when we teach we must teach our pupQs 
to find out for themselves. It is the baue of out 
schools to confound men with knowledge* By tins 
system a whole class of powers is allowed to lis 
dormant. 

Encyclopaedical knowledge is a fallacy : it is made 
up and not in accordance with nature. • • • Un- 
derneath you may have a solid nucleus of investiga- 
tion of every department, but you must be in some 
direction a specialist. Then you can judge of others 
by the attainments you have made in your own 
specialty. 

Now for the general application. You must study 
the history of science— not in manufactured text 
)>ooks, but look at the best books. For a universal 
view read Humboldt. Study the relation of iacte to 
one another. That is the reason he is so great, and 
he has a keenness of perception which no one else 
has. The " Views of Nature" was his first step. He 
then fortified himself by investigations in every 
branch of physics and geology, and so meager were 
his sources of information that he had to go every* 
where to determine in different latitudes by minute 
investigations the certainty of his conclusions 
When Humboldt first published in a little paper of 
twenty pages the results of these world-wide studies, 
he laid the foundation of isothermal science. He 
sketched it exactly as it now stands, only now it hsa 
has grown into a beautiful picture. Now, that kind 
of outline sketches you should try to secure every* 
where. _^_^_^ 

Dissect as much as you can ; learn to do it neatly 
and well, and work patiently at the same thing— 
so you will have a standard. As your guide in 12m 
study of structure I would recommend Gegenbanr. 
He is the best authority on comparative anatomy. 
Yet there are difficulties. Gegenbaur has an insight 
into relations of structure according to anatomy, 
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«ndue is very comprehensive ; bat he has no sens* 
ef zoological affinity. He sees similarities and rela- 
tion* bat no general resemblances. 



An Kgg is a cell formed in a cavity which, by its 
peculiarities, grows larger than an ordinary cell, and 
has in it the potentialities of life. 

DoTlinger was really the founder of Embryology, 
bat published little. Yon Baer was his pupil, and 
all Embryologi8ts have followed in bis tracks. D51- 
linger would work hard, make his discoveries, invite 
one of his students to walk, tell bim all, and then 
invite bim to publish. 1 lived four years under his 
roof, and my scientific training goes back to him and 
to him alone. I have learned much from others, bat 
from bim alone I learned how to work. 



All these unsatisfactory theories are untenable 
when made to tell what is not in them,— as when we 
make the Vegetable tell of the Animal Kingdom, 
and animals tell of the human souL 



Dare to be inconsistent. As long as consistency in 
adherence to a wrong idea is a republican virtue, we 
are not on the road to progress. 

Prof. Agassiz ever evinced an earnest desire to 
keep students from wasting their time over worth* 
less books, and was at a great deal of pains to dis- 
criminate for us between genuinely good works and 
mere compilations or worthless text-books, and 
strongly inveighed against the publishers of trashy 
scientific books, and the subterfuges and placing 
of u vile temptation before teachers by offering a 
percentage," by means of which they got them in- 
troduced into the schools. 

What we want, said he, in popular education, is 
the elements of a higher culture. Let it be known 
that our colleges are not aristocratic institutions, 
but are available to the poor and lowly. If they are 
not so now, we most make them so. Everything we 
can do io that direction will be a blessing to the 
country. This is a digression from the business of 
the day, but I make it purposely that you mav un- 
derstand just how I feel on these subjects. We 
ought to know each other in all these particulars. 
There are great business concerns engaged in the 
manufacture and sale of these worthless books who/ 
are our greatest enemies. They are really circulat- 
ing educational poison, and I beg of you don't shrink 
from rebuking them at every opportunity. I have 
groused very serious opposition to my work by stat- 
ing these things openly, but I shall continue to do it 
as long as my strength lasts. 



Prof. Agassis gave a brief bibliography of each 
•abject as it was presented, and these short book- 



lists are now regarded as among the most valuable 
of students' memoranda. Often they would be ac- 
companied by a word of comment, as when he good- 
humoredly described a book of Be BlalnvilVs as 
" critical, satirical, diabolical,— and yet immensely 
comprehensive V 9 

Nor did he hesitate (having given a well merited 
cautionary talk) to put at the students' disposal 
many books out of his own library. His library is 
unique in its number of books of foreign authorship 
not elsewhere to be found in this country, and a 
large part of them are presentation copies from their 
distinguished authors. He seemed familiar with the 
history of Zoology from Aristotle to Huxley, and the 
different phases which the science has assumed 
under its controlling influences. He had not only 
had such an extensive acquaintance with naturalists 
as to make zoological history for the past half oen- 
tary a part of his own experience, but had also 
made a special point of its acquisition, as for their 
advancement he urged others to do. 

Another thing which adds incomparably to the 
value of his library is the presence of hundreds of 
plates of all sorts of little-known animals, in as 
many varied stages of embryonic development, dif- 
ferent circumstances and conditions of life, or tranx 
sient phases of appearance or dress, as the specimens 
obtainable made possible. These were all drawn 
and colored under his own eye by accomplished ar- 
tists ; and their value in the study of zoology only 
those can fully appreciate who are pursuing the spe- 
cial studies which they illustrate. 

As he talked of books so be spoke of men. Speak- 
ing of Strauss Durokheim, whose whole life was 
spent in studying and describing the bones and 
muscles of the domestic cat and the structure of the 
common European Dorbug (melolantho vulgaris), he 
described how he had seen him sit "day after day 
with a oat in his lap feeling of the muscles. He was 
a thorough Frenchman." 

Lilckart, when he proposed the Calenterata as dis- 
tinct from echinoderms, did great wrong to Yon 
Baor, and carried, for the time, science backward. 

Cuvier and Lamarok were the founders of pals3on« 
tology, and not much has been added since, and 
Cuvier really made it what it is to-day. The picture 
has been filled up, but Cuvier for the vertebrates, 
and Lamarok for the invertebrates, made the science, 

Darwin is one of my best friends, and I honestly 
like him | Iwish all scientists were as friendly as 
welL ___ 

Leopold von Bach was a man of indomitable en- 
durance. He explored all Europe on foot for the 
sake of studying its geology, I have known him to 
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go from Berlin to Stockholm foT the sake of com* 
paring a single fossil shell with one there; or to 
start for St. Petersburg with only an extra pair of 
Books in his pockets Tet he was a noble of Ger- 
many and welcome at the Emperor's Court. It is to 
him geology owes its present form. He was a pupil 
of Werner, but had freed himself from Werner's 
errors. __ 

The Professor sought to encourage despondent 
ones by snob records as this of Lyonnet. but he him- 
self, a monument of his own indefatigable industry 
and application, was our greatest incentive to 
steadily keep to our climbing up the hill of science. 
He-said: Lyonnet studied for years the anatomy of 
the larvae of the moth of a caterpillar {crosus liani- 
penda), which lives in the wood of the European 
willow. He wanted drawings made of his work, 
bat could find no draughtsman, so he learned draw- 
ing himself, and bis figures are the wonder of the 
scientific world. For their sake he was admitted to 
the Academy of Arts. Then he wanted his drawings 
engraved, but could find no engraver, and so learned 
how and engraved his own plates. His book and his 
life are models of the most extraordinary patience, 
perseverance and skill. 

One afternoon, as the students were all quietly at 
work in our laboratory, Prof. Benjamin Peiroe of the 
Coast Survey came in. His visit was a complete 
surprise, aud Agassiz's greeting was characteristic. 
He shouted, ¥ Hallo, Peirce!" ran and threw his 
arms round his neck and kissed him. That day the 
Professor was in his most genial mood, and Just be- 
fore tea there was a sort of public talk between the 
two great teachers, who seemed as delighted at being 
together after a few weeks separation as school-girls. 
Prof. Peirce related that not long ago, as he was 
about to start for Washington to appeal to Congress 
in behalf of the needs of the Survey, Prof. Agassi z 
bid him good-bye with th» injunction : " Tell them 
(Congress) that it is their duty to do something to elevate 
the character of the nation." 

The conversation opened with some ideas in refer- 
ence to the nebular hypothesis, viewed mathemati- 
cally, and drifted through all sorts of median sub- 
jects to a statement by Prof. Agassiz, of his feelings 
upon certain religious questions. Among other 
thingB he said : 

I am denounced in Europe as one who derives my 
scientific idea from the Church, and am re- 
garded by my church-going friends as an 
infidel, because I will not be dictated to. Have 
with traditional belief and dogmatic science 
nothing to do—scrape it off. If we are weak 
let us fall back upon tradition and belief for sup- 
port, huirbly ; if we are strong let us see what there 
is outside of belief, and don't care what the world 
says. 



That evening, when it became sufficiently dark 
the powerful stereopticon was produced, and the 
images of live animals (minute sea-life) were thrown 
upon the screen. The shapes and antics of some of 
the specimens— immensely magnified as tliey were— 
were very fanny. Wishing to point out some notable 
feature in the creatures, Prof. Agassiz approached 
the screen, and in so doing stepped into the beam of 
light, when instantly his silhouette was cast upon 
the broad white surface with a glorious effect never 
now to be forgotten. It seemed to shadow forth that 
distant day when future students of nature, looking 
back, shall see the head of Louis Agassiz standing 
alone and majestic against an unoccupied back- 
ground of American Science. 



A RAINY DAY AT PENIKESE. 

THE SCHOOL AT ITS WORK, 

AN ENFORCED STAT ON THE ISLAND— THE STUDENTS 
AND PROFESSORS AND THEIR METHODS OF WORK 
—STUDIES WITHOUT BOOKS— A THEOLOGICAL DW- 
CUSSXON—AGASSIZ'S DISBELIEF IN DARWIN, AND 
DARWIN'S RETALIATION. 

The Anderson School of Natural History at Peni- 
kese. was famous from its start. The fact that a 
seaside laboratory devoted to the study of living 
forms was to be founded, proved in itself sufficient 
to awaken a widespread interest, for no similar ex- 
periment had ever been attempted; and when in ad- 
dition to this the friends of education were informed 
that the directorship had been intrusted to one of the 
most famous zoologists of his time, its success was 
assured. Prof. Agassiz entered into his work with 
his usual enthusiasm. He was ably assisted by Count 
Pourtales of the U. 8. Coast Survey, Dr. J. 8. Pack- 
ard of the Peabody Institute, Prof. Burt G. Wilder 
of Cornell University, Mr. Waterhouse Hawkins of 
Sydenham Palace fame, Mr. Bicknall the. micro- 
scopist, and others. 

In a little ravine between the two hills the island 
of Penikese can boast is the quondam Summer resi- 
dence ot Mr. John Anderson, wnich served as the 
private quarters of Prof. Agassiz and his assistants. 
It is an unpretending structure of frame, with a 
pretty lawn sloping to the east, ornamented with a 
little group in iron of a boy and swan. Behind tha 
house stands the barn, used last Summer as a din- 
ing-hall, and near by are the laboratories. These 
are two barrack-like structures, united at their mid- 
way by a third much shorter one. It is in the de- 
sign to use both of the main bnildings for laborato- 
ries and dormitories, reserving the smaller one as a 
lecture-room. At the time of my visit, last Snmmer, 
but one of the buildings was in use. 

I shall endeavor to describe the scene just as it 
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presented to me. Entering at a side door I find the 
institution in "full tide of successful experiment.' 9 
Arranged along the side of the room are numbers of 
•mall but firm tables ; in the middle of the room 
stand acqoarinms; on the walls, diagrams; sus- 
pended from the ceilings are dried tissues of various 
animals: running entirely around the room is a 
single shelf, appropriated for bottles of specimens. 
At one end of the apartment is a huge black-board, 
with a hopeless arabesque of colored chalk marks 
thereon, and at the other, shelves for books, and 
eases of alcohol. What earnest groups are there about 
the tables! Mon and women engaged in study— 
teachers themselves, now pupils. But few books are 
seen, for their use is discouraged. I notice among 
those on the tables Harvey's M Marine Alga," Pack- 
ard's "Entomology," and Agassis's "Methods." I 
wander at will from table to table, overlooking the 
workers. * 

One table seemed to be devoted to those strange 
creatures, the horse-shoe crabs. Turning from them 
to a Bpecimen which Dr. Packard has dissected, that 
gentleman call* my attention to its wonderful net- 
work of blood vessels so different from ail others of 
its class, and shows me some exquisite injections of 
them by Mr. Bick nail lying on the table in a glass 
dish containing the eggs of the same animal, The 
doctor is watching their development. He was the 
first to note its peculiarities, and is now repeating 
his former experiments for the benefit of his pupils. 
Dr. Wilder is engrossed in his dissection of the ner- 
vous system of a fish. He v interrupted accasionally 
by a student who is not sure of the accuracy of a 
note she has taken down from the last lecture,' or a 
gentleman asking for alcohol to preserve some 
specimen that excites his desire for permanent pos- 
session. I see in a shallow dish of salt water beauti- 
ful polype confidently expanding their flowery disks 
— Zoophytav- properly called— plant-animals aptly 
named ; here the flesh-like Aloyoninm and there the 
dun Anemone* In some dishes are seaweeds, in 
others shell-fishes. Yonder Is an admiring group of 
students watching the movements of a seaworm. It 
is a pity we have no prettier name for that graceful 
form upon whose sides the hues of the rainbow are 
playing. Truly it was a limp unsightly thing 
enongh when it was dug out of the sand last evening 
at low tide; but now in the clear sea-water, itself 
almost at transparent, it lies revealed an all-day 
wonder* I see another group standing, and hear the 
inspiring voice of Prof. Agassiz, who has slipped in 
from the cottage unawares, and is now explaining 
the growth of a spiny radiate. These little, green, 
dime-shaped animals are the young of this other 
form looking like the lid of a hunting-watch. M This 
young form has been referred to a distinct genus," 
says the Professor; " but observe, if you please, the 
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position of the terminal pore— on top in the forma* 
tore, at the rim and even beneath in the full-grown 
animal." Agassic moves off to look over the work 
of a German artist, who is engaged in drawing a 
young skate, which has been removed from an un- 
laid egg. It is an exquisite little creature, with 
loose, feathery tufts for gills, the entire body of m 
delicate salmon color. The Professor is delighted 
with the specimen. We hear it said that it it a 
great discovery, this particular stage in the develop* 
ment of the skate. M No human eye haa ever seen it 
before." The professor is satisfied with the draw* 
ing. "Das 1st sehr herrlich." Thus the scene 
varies. Groups form and break, and, to end it, all 
too soon the toot, toot of the dlnner-horri declares 
recess. 

After dinner, the students reassemble. This 1 time 
to listen to a lecture from Prof. Agassiz. He de- 
livers an eloquent discourse on Types of Animal 
Life. He speaks without notes; uses few gestures. 
He tells us of the varying standards for comparison 
in different groups of animals, their distinctness— of 
their immutability. In the Batrachia, that is, the 
group of animals having a tadpole stage, this stand- 
ard is obtained by the study of their development. 
But in the reptiles it is otherwise, for here, in place 
of development, which is an indifferent standard, 
we must take a comprehensive view of all the 
structures. Other animals, such as some of the 
fishes, do not reveal their type in its perfection, but 
continually remind us of something higher yet to 
come. There are prophetic types; for while some 
fishes, as the sturgeon and the gar, remind us of rep* 
tiles, others again, as the sharks, hint of forms yet 
higher than the reptiles, via., thosr having social in- 
stincts and which retain their young in close rela- 
tion to their own tissues. The Professor became 
warmed up as he alludes to the doctrine of evolu- 
tion. u Some," cries he, " would have us develop 
the Amphioxus (fish) from an Asddlan (mollusk)— two 
utterly remote types. This is worse than an absur- 
dity— it is a, lie I" It would give Darwin a new sen- 
sation to hear this. After the lecture, more looking 
into dishes and more off-hand table demonstrations 
and explanations. Then supper and darkness. After 
supper the horn gave another toot. "What now, 
boy f" ** Lecture this evening, Sir !" And now, as a 
closing exercise of the dav, we have a fine stereopti- 
con exhibition by Mr. Bicknall, of corals, insects, 
and injections. 

The following day, Thursday, dawned gray and 
desolate; beating winds and pelting rain. The sea, 
even in the haven between the islands, was full of 
angry caps. A heavy surf beat the shore, and the 
air was filled with flying scum. No getting away 
to-day, so indoors again. It is an ill wind that blow* 
no one good. While a prisoner at Penikeae ? *-«« 
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the witness of asoene on that rainy Thursday which 
will never be forgotten by those present. It was his* 
toxical of two things— of the first rainy day at Peni- 
kese, counting its birth as an institution, and of the 
first recorded meeting of the friends of Natural 
Theology. How the former came about* " Old Prob- 
abilities" has told us. How the latter, perhaps no 
one can tell. The spirit of the ohroniole is as fol- 
lows : About the middle of the forenoon, the hour 
announced that a lecture would be delivered— this 
time by Prof. Wilder— on the " Structure of Fishes," 
the wind was blowing fiercely about the buildings, 
and the ram was beating steadily against them, 
keeping up a constant clatter against the window- 
panes. In strange contrast to this outside commo- 
tion, was gathered a little audience of perhaps 50 
persons of both sexes. Their ages ranged from 26 to 
45— earnest, eager, all above the average in native 
intelligence. 

Prof. Agassis informs the class that Prof. Peirce of 
the Coast Survey, at present a guest of the School, 
has consented to address them prior to the lecture. 
The gentleman thus called unon arose. He is of 
medium hight, with a head recalling that of Long- 
fellow, and a * voice of rare quality and sweetness. 
He said : ** It affords me the greatest pleasure to be 
with you on this occasion, gathered here to-day, re- 
mote from the busy world, that we may upon onr 
return henoe to our respective duties be made 
stronger by our temporary retirement. You are here 
in the pursuit of a high office. You are here to dis- 
seminate the doctrine of the wisdom of the pursuit 
of truth. We need that this should be done. We 
have wealth enough, energy enough, nay, too much, 
for the the thirst of gain and power is our consum- 
ing eviL ^It is the cause of the all-pervading cor- 
ruption; it is the great danger now threaten- 
ing our country. It can be saved, in my opinion, 
only by inculcating in the people love of truth, 
scientific truth particularly, since its cultivation 
tends above all other forms to elevate the mind. It 
should be pursued not for any material reward it 
may promise, but for its own sake. It is to the in- 
fluence of Prof. Agassis that we are indebted for this 
institution. No man has been of greater benefit to 
this country. He was the first to free science in 
America from European dictation; he has erected a 
wide-spread interest in the cultivation of the natur- 
al sciences ; and on this account has been every- 
where an object of the deepest respect. His influ- 
ence has not been confined to natural history, but 
has affected the physical sciences as well. Asa 
physicist I have recognized the difficulty of associ- 
ating the two. Yet that such an association exists 
there is no doubt. But the processes by which the 
mathematician approaches the subject are far re- 
moved f*om thoen rnu)!o>«d Vy the naturalist. The 



modern doctrine of evolution, for example, hat a* 
different meaning when applied to inanimate things. 
The nebular hypothesis, as yon know, is baser' *n 
evolution, yet far removed from the premises of 
that same doctrine, as it is alleged, is displayed in 
animated nature. With the former it is at all times 
the same matter which is displayed, the condition or 
state of that matter alone varying. In the latter, in 
addition to the matter itself being various, we are 
continually confronted with the knowledge that 
there is something which evades our research. We 
mark the human soul as something distinct from the 
human body. Now if we can prove that there is 
something in the vegetable which is not in the ani- 
mal, something in the animal which is not in the 
vegetable, or something in tbe nature of man him- 
self whioh is not in the nature of the animals be- 
neath him, no attempt to prove a transition between 
their material semblances here severally displayed 
will avail, lam inclined to believe that something 
of the kind exists; that is to say, that there is a 
proper vegetable presence whioh is immutable, and 
can therefore never become animal ; there is a proper 
animal presenoe whioh can never become vegetable, 
and so on. In truth, what is is probably what has 
always been. Plants were from tbe beginning plants, 
animals animals, and men were men." 

The Professor sat down, and a silence ensued. 
And now for a lecture on fish. Not yet. Prof. 
A ff «**>«, who has been Bitting listening with 
all his ears, cannot keep still now that the 
subject of evolution has been broached. As well 
imagine St. George with arms at rest when the 
dragon is seething before him. fc We are very glad 
to hear," said he, " such testimony as this from one 
who commands his department. We learn from it 
the errors of those who are so wedded to their own 
fancies, who would twist all knowledge to make it 
suit some pet theory.* He believed the present as- 
pect of the doctrine of evolution to be in great part 
the result of this bias in judgment He insisted 
upon honesty of purpose in investigating nature. 
Among the many causes whioh have interfered with 
progress has been the influence of tradition, and the 
fear of offending the proprieties. He valued tra- 
dition ; it was the mainstay of the weak in spirit 
and the wavering in purpose. But to the strong be 
would say, out loose from it. He had been accused 
by his European friends of being influenced by tbe 
church, while by others in this country he haa been 
denounced as an infidel. Do not mind the opinions 
of the prejudiced and bjgoted. For himself he cared 
nothing for these exixessions. Be careful of one 
thing only, " faithfulness to truth as you believe it." 

He had struck the sympathetic chord. Prof, 
Peirce is on his feet, to show by example the valno 
of discussion. "Tho greatest creneral truths.' rr ] 
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he, M had always resulted from the clash of opposing 
theories. AU that was needed was the eager follow- 
ing of truth at each one saw it. In the history of 
geology Pro! Agassis has told us that from the 
discussions of the Neptnnists and the Platonists 
have arisen a more thorough knowledge of the 
scope of the agenoy exerted by water and fire in the 
formation of the earth's crust than would hare been 
possible without that stimulus." He, in addition, 
spoke of the lasting good resulting to the study of 
logarithms by the contentions between the .French 
and German mathematicians over a trivial subject 
apparently, viz. : Which was the better sign, the 
letter o, or the letter h T 

Some one in the class here suggested that the same 
kind of good to natural history might resort from 
debates between the evolutionists and the non-evo- 
lutionists. 

•• Well, " replied Agassis, rather evasively, "per- 
sonally 1 like Mr. Darwin very muoh ; he is my 
friend.* 

Here a cluster of pupils began making merry. 

"What is it f Let us have it !» 

A Voice—** Darwin's son Frank was once told that 
Agassis did not accept evolution. ' That's all right,' 
said Frank; ' father does not believe in the glacial 
theory.' n ILaughter.] 

"Well, now," said Agassis, turning to Prof. 
Wilder, " Dr. Wilder, give us some fish." 



But no, we were doomed to go without that course 
to our feast. 

Dr. Wilder arose— a prompt, nervous man, with a 
crisp, well modulated voice. "Prof. Agassis," he 
began, "is the director here, and when he says any- 
thing is to be done, it is done. But I must confess 
that, after listening to the delightful exercises of 
this morning, I have become rebellious, and 1 won't 
say anything about fish," [Laughter.] 

The Doctor then went on to say how he had been 
reflecting on the subject of freedom of thought as a 
necessity to true progress, and deemed it a fit occa> 
sion to have the position of the scientific world with 
respect to the theological world fairly defined. He 
then boldly launched out into the field of the rela- 
tions between natural and revealed religions. He 
contended that there should be no compromise. 
The Bible and Nature stand confessed as the reve- 
lations of the one God, and, moreover, it was never 
intended they should conflict. 

I cannot follow him, nor the remarks which his 
address called forth. The occasion bad become a 
solemn one. A long silence ensued after this last 
topic, which had grown so naturally out of the first 
address of Prof. Peirce. Each one was apparently 
thinking the same thought, drinking in the same 
influence. I felt as well as others present, while 
the storm beat about ns, as one withdrawn from 
the world for a time. As I now write of that scene, 
its truth and beauty return in all their force. 



CAUSES OP THE DKATH OF AGASSIZ. 



On Jan. 20, 1874, Dr. Morrill Wyman of Cam- 
bridge* Maes., completed his work on the 
autopsy of Prof. Agassis, and made a report, 
from which the following interesting state- 
ments are taken: 

The autopsy was made at Cambridge, Dec. 
16, 1873, by Drs. R. H. Fits and J. J. Putnam ; 
present, Drs. J. B. S. Jackson, J. Wyman, C. 
Ellis, M. Wyman, and 8. 0. Webber. It was 
conducted in the interests of science, and in 
accordance with «the wishes of the great nat- 
uralist, expressed several years ago. 

The arteries at the base of the brain showed 
evidence of extensive chronic disease of their 
lining membrane, with narrowing of the cali- 
ber of the carotids. In these arteries were 
very important changes. Commencing at an 
inch below the anterior edge of the pons 
varolii and extending downward, the wails of 
the left vertebral artery were stiff, in part 
calcified, and its linings loose. At half an 
inch from the point just mentioned, imme- 



diately over the left olivary body, was 
a reddish-yellow, opaque, friable ping 
(thrombus) completely obstructing the vessel ; 
still lower was another more recent, but prob- 
ably ante-mortem, plug. The first was one- 
quarter of an inch long, the second four 
inches long. A third plug, an inch long, was 
above the first, and touching it. 

In the left ventricle of the heart* there was a 
firm organized clot of the size of a peach stone 
attached to the wall at the anterior portion near 
the septum ; around this clot a more recent one 
had formed, its center softened and granular* 
From this, probably, some small portions had 
been carried by the blood, to the arteries in 
the base of the brain, doing their part in ob- 
structing them and causing the fatal changes 
above described. The lungs were adherent to 
the ribs on both sides of the chest, the evi- 
dence of old inflammations. The other oigans 
were healthy* 
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THE TRIBUNE FOR 1874. 



A year ago the Editor of The Tbibukb 
promised to make this journal during 1878 a 
much more valuable and complete newspaper 
than it had ever been before. Its facilities 
for the collection and transmission of intelli- 
gence from all pans of the world had been 
largely increased; its staff of associate editors, 
correspondents, and reporters had been 
strengthened by the engagement ot some of 
the ablest men in the profession ; and the 
Editor was resolved to spare neither pains 
nor money in the effort to make The Tribune 
the very first newspaper in the world. 

He points to the achievements of the past 
twelve months with pardonable pride. While 
The Tbibuke has retained all the excellent 
features that made it such a favorite in former 
days, it has exhibited an enterprise and acute- 
ness in its news department which have been 
the wonder of all its old friends. Remember- 
ing that the chief function of a daily journal 
is to give its readers the fullest, the best 
arranged, the most attractive, and the most 
readable history of the occurrences of the 
time, it has devoted its best energies to this 
business, and its success has been universally 
recognized and applauded. The year has been 
fruitful of startling events, and every incident 
has found in The Tbibukb its promptest, 
most accurate, and most perfectly equipped 
historian. A Tbibukb correspondent was 
the only civilian who witnessed the 
surrender of the Virginias, and his pic- 
turesque description of that transaction, 
transmitted by telegraph, is the only account 
the public has yet seen of an incident upon 
which depended for many weeks the question 
of peace or war. The Tbibukb published the 
only full and exhaustive account by Atlantic 
telegraph of the terrible Ville du Havre dis- 
aster, giving all the incidents of that catas- 
trophe ten days before other journals received 
them by the slow course of the mails. It dis- 
tanced all competitors in its thrilling story by 
cable of the adventures of the Polaris casta- 
ways. It anticipated every other paper in the 
country, and even the Government itself, by 
its graphic narratives of Custer's battles on 
the Yellowstone* The elaborate and deeply 



interesting letters of its special correspondent 
in the West gave the only complete account 
of the Farmers 9 Movement ever pub- 
lished iu an Eastern paper. The 
reports of Tub Tbibukb presented the 
important proceedings of the Evangelical Al- 
liance in this city with a fullness and accuracy 
everywhere the subject of enthusiastic praise. 
During the panic its daily history of Wall Street 
made it absolutely indispensable to business 
men ; and its special correspondents after ware} 
described the condition of affairs in the manu- 
facturing districts with an ability which no 
other paper seriously rivaled. 

These are mere instances of the uniform 
success in the most important branch of jour- 
nalism which has steadily attended The 
Tbibuke throughout the year, ana may 
therefore be fairly taken as an earnest 
of what The Tbibukb is likely to do 
hereafter. Its purpose in 1674 is to surpass 
its previous record, constantly increasing the 
efficiency of its organization, adding to its 
resources, and keeping up its ancient celebrity 
as an organ of cultivated and thoughtful men, 
and a high authority in literature, science, and 
the arts. It will continue to devote especial 
attention to the proceedings of learned bodies, 
to education, to scientific discoveries and ex- 
plorations, to new inventions, to agriculture, 
to the promotion of American industry, and 
to books, pictures, music, and the drama. 
Its financial articles have won a peculiarly 
high reputation, and will still be a prominent 
feature in its columns. Its reports of the 
markets have long been distinguished for 
fullness and accuracy, and its quotations have 
been accepted as standards in the cattle, pro- 
duce, and provision trades for many years. Its 
reports of local affairs are acknowledged to 
be the most accurate, intelligent and complete J 
its domestic correspondence is always fresh 
and valuable ; and abroad it is served by the 
ablest writers and keenest observers engaged 
upon any American periodical. 

While it never can be a neutral in politics, 
The Tbibukb is entirely independent of all 
parties and all partisans. It believes that the 
mere organ of a clique cannot be a thoroughly 
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good newspaper, and cannot be trusted for 
impartial and just comment npon current 
events. It maintains with the old fervor and 
will always defend the Republican principles 
of equality and justice with which, under the 
control of its illustrious founder, Horace 
Greeley, it was, for over thirty years, 
identified. But it values, parties solely 
as means for procuring honest govern- 
ment* on sound principles. For the parti- 
sans who deplore exposures of corruption 
or imbecility in high places as likely to hurt 
the party and hinder their success in holding 
on to the offices— who insist that a journal of 
their faith must follow their lead, execute 
their plans, and defend their acts, it has no 
feeling save contempt. Standing by its old land- 
marks, it defends the constitutional guarantees 
to the liberty of the citizen and the sacredness of 
the Nation's faith with its creditors, in- 
sists on the duty of Protection to American 
Industry, champions all proper measures for 
developing the material resources of the 
country, urges wise means for restricting the 
evils of Intemperanoe, seeks sedulously to 
foster the commanding interests of Manufac- 
tures and Agriculture. But it holds itself 
aloof from all entangling alliances, waits 
on no Caucus or Convention for its 
opinions, aims to judge every polit- 
ical act, of whatever, party, separately 
as it arises, on its own merits, and maintains the 
liberty of candid and impartial criticism. During 
the present session of Congress its telegraphio 
reports from Washington, where it maintains 
the strongest force of experienced corre- 
spondents ever assembled there in the 
interests of a single journal, will be 
found incomparably more valuable and 
more interesting than those of any of its 
cotemporanes. And finally, in the editorial 
discussion of public affairs. The Tribune en- 
deavors to combine the utmost frankness of 
expression and independence of thought with 
a strict impartiality of judgment and that dig- 
nity and refinement of language which befit a 
family newspaper. It wastes no space in 
wrangling with other papers, pays no atten- 
tion to personal abuse, and reserves its col- 
umns for its readers 9 interests, not its Editor's 
grievances. 

That there is a popular appreciation of that 



sort of independent, vigorous, enterprising, and 
high-toned journalism of which The Tribune 
is now the chief representative in this or any 
other country, is sufficiently proved by the re- 
salts of the past twelve months. The close of 
1873 finds this paper more prosperous than it 
has been at any previous period of its history, 
and the new year opens for it with the most 
brilliant prospects. In a short time its mechan- 
ical facilities will surpass those of any other 
journal in the world ; and on the completion 
of its new and magnificent building it will be 
enabled to introduce various improvements of 
the most important character. 

THE SEMI-WEEKLY TRIBUNE. 

The Semi-Weekly Tribune has grown very 
rapidly in public favor of late. In addition 
to a careful summary of the news it contains 
all the best of the foreign and domestic cor- 
respondence and leading articles of the Daily : 
it gives specially the scientific intelligence 
(including the proceedings of all American 
scientific societies), with the best of the 
book reviews, and the miscellaneous mat- 
ter relating to education, the arts, re- 
ligion, &c. It has all the commercial 
news and market reports; all the agri- 
cultural articles of the Weekly; and gives, 
moreover, regularly a serial work of fiction, 
presenting in the course of the year three or 
four of the latest productions of the most, 
popular novelists. As it takes only a few se- 
lect advertisements, it is enabled to give an 
unusually large proportion of reading matter, 
and may be called, considering the extent and 
variety .of its contents, the cheapest news- 
paper in the world. It is published every 
Tuesday and Friday, and reaches nearly every 
post-office east of the Mississippi within one 
or two days of its issue. 

THE WEEEXT TRIBUNE. 

The Weekly Tribune has been for the 
space of a generation the Parmer's favorite 
paper. Besides a complete condensation of 
the news of the week, a selection of literary 
and miscellaneous reading, and a full page of 
the best editorials from the Daily, it contains 
in every number a greater amount of agricul- 
tural matter than is furnished by any distinc- 
tively agricultural paper. This is prepared 
expressly for its columns by the best agricul- 
tural writers and practical farmers in the 
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United States ; and as its contributors are in 
every part of the country it will be found 
equally valuable In New-England, in the 
South, on the Pacific slope, or in the Missis- 
sippi Valley. Great attention is paid to all 
subjects connected with the Farm, tbe Garden, 
and the Household, and some of the original 
articles every week are illustrated with wood- 
cuts. The market quotations of farm produce, 
cattle, provisions, breadstuff's, dry goods, and 
all kinds of merchandise, are exceedingly full 
and scrupulously accurate. The utmost care is 
bestowed upon the typographical arrangement 
of the paper, and the print is always clear and 
legible, and generally larger than that of any 
other New- York paper. 

THE TRIBUNE EXTRA8. 

A new feature has been added to American 
journalism by the valuable Tribune Extra 
sheets which have attained such an extra- 
ordinary popularity during the past year. 
They present the fresh fruit of the best in- 
tellects of this and other countries, the most 
remarkable lectures, the most valuable scien- 
tific and geographical researches, at a merely 
nominal price. In the series of 14 Extras 
already published will be found, reprinted for 
the most part from the columns of The Daily 
Tribune, some of the latest lectures of 
Agassiz, Tyndall, and Beecher; the explora- 
tions of Prof. Hayden, the full history and 
description of the Farmers' Movement, the best 
lessons of the great Vienna Exposition, and 
the complete report of the proceedings of the 

Evangelical Alliance. Half a million of the 
Extras have already been sold, and the de- 
mand for them is steadily increasing. 

TERMS OF THE TRIBUNE. 



Daily (bymati) l year. $10 00 

Semi-Weekly, 1 year. 8 00 

Five copies, 1 year.. 12 60 

Tea copies (and one 
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Weekly, l year. 92 00 

Five copies, 1 year.. 7 60 
Teu copies, 1 year... 12 60 
Twenty copies. 1 y'r. 22 00 
Thirty copies* 1 year 30 00 



Each person procuring a clnb of ten or more 
subscribers is entitled to one extra Weekly 
and of fifty or more to a Semi- Weekly. 

Papers addressed separately to each member 
of Clubs will be charged ten cents additional 
to the above rates. 

E7° Specimen copies of either edition of The 
Tribune, and circulars giving full details of 
the contents of each Extra sheet, sent free to 
a ny a ddress in the United States. 

Ed?* Ail remittances at sender's risk, unless 
by draft on New- York, postal order, or in reg- 
istered letter. 

Address The Tribune, New-York. 
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A MAGAZINE AND A NEWSPAPER. 
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The New-York Tribune has completed ar- 
rangements with the principal magazines and periodi- 
cals of this country aud Europe, by which it is enabled 
to supply these publications, together with either edition 
of The Tribune, at a very marked reduction from the 
regular subscription prices. Tub Tribune U the only 
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PART II. generation, that it has unearthed not only the 

_ probable ruins of Troy, but those of a far more 
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THE RESEARCHES OF DR. SCHLIEMANN IK 

1872 AND 1873. 

ACCOUNT BY BAYARD TAYLOR OF THEIR RESULT8 — 
FOUR CITIES EACH BUILT UPON THE RUINS OF THE 
PRECEDING ONE — THE 8C2E AN GATE — PALACE OF 
THE KINGS — TREASURY OF GOLD AND SILVER 
ORNAMENTS AND UTENSILS. 

[FROM A REGULAR CORRESPONDENT OF THE TRIBUNE.] 

Gotha, Germany, Feb. 10. — Another chapter has 
been added to the " Tale of Troy divine." Of all the 
discoveries of the last twenty-five years, inestimable 
as jls their collective contribution to our knowledge 
of the Past, not one is so remarkable and unexpected 
as the recent finding of storied Ilium, after a sepul- 
ture of more than two thousand years, during which 
the very site of it had been forgotten. It is even more 
surprising than the re-discovery of Nineveh by Lay- 
ard, since the mounds of Niniroud and Kuyounjik 
sufficiently indicated the site of the old Assyrian cap- 
ital ; while Ilium itself, and the whole history of the 
Trojan war, have narrowly escaped, of late years, 
being relegated to the region of pure myths by mdd- 
ern scholarship. All this is suddenly changed : many 
a finely-spun archaeological theory is rent like a cob- 
web: Homer is gloriously rehabilitated, and the 
very arms and ornaments of the Dardan heroes and 
heroines are delivered into our hands. Fragmentary 
reports of Dr. Schliemann's excavations in the Troad 
have from time to time appeared in the newspapers, 
and his great success, last year, in finding what is* 
conveniently called " The Treasury of Priam," has 
been duly chronicled throughout the world ; but now, 
for the first time, we have'the entire history of the 
undertaking and its results. The narrative, accom- 
panied by 218 photographic sheets of illustrations, is 
published by the firm of F. A. Brockhaus, in Leipzig, 
to whom I am indebted for one of the very earliest 
copies. I lose no time in preparing for The Trib- 
une a resume* of the work as complete and intelli- 
gible as the space will allow . Even if I felt myself 
competent (which I do not) to examine the conflict- 
ing views of German scholars by the light of the 
ancient authorities, I should prefer to let Dr. Schlie- 
mann have his full say. He has nobly earned it; 
and I shall therefore confine myself to the plain 
statement of his own arguments and conclusions. 

SKETCH OF DR. SCHLIEMANN. 

Before beginning the history of his discoveries, it 
may interest the readers of The Tribune to learn 
something about the man who has made them. It 
will do us Americans no harm to find that " self- 
made men" are not peculiar to our race and soil. 
Ours, when they are successful, are noted, and 
grandly so, for giving of their substance, hardly for 
their own intellectual achievements. We have had, 
as yet, no such specimens 1 as Roscoe, the Liverpool 
merchant, or Grote, the London banker. Dr. Schlie- 
mann ranks with these latter, as an encouraging 
illustration of the fact that "business" need not 
prevent, or even materially retard, the development 



of high intellectual qualities. Starting in life with 
absolutely nothing, he achieved wealth by the time 
he was forty-one years old, and now, not yet fifty-two, 
he has won a permanent fame. 

Heinrich Schliemann was born in the Grand- 
Duchy of Mecklenburg in 1822. His father was very 
poor, but had received an indifferent classical edu- 
cation, and was very fond of repeating episodes from 
the Iliad to his young son. The latter learned some 
Latin during his early school years, but all his 
chances ceased at the age of fourteen, when he was 
put into a grocery-store in the little town of Fur- 
stenburg. There, for nearly six years, he weighed, 

Eacked, swept, and did all other coarse duties, sixteen 
ours a day, saw only the lowest and most ignorant 
class of the people, and seemed to have forgotten 
almost all he had ever learned. One evening a 
drunken miller's apprentice came into the grocery 
and declaimed a hundred verses of Homer in the 
original Greek. He was the son of a clergyman, had 
failed at the University, and the father's desperate 
attempt to make a decent miller of him was about 
to fail also. Young Schliemann was so enchanted 
by the sound of the Greek, not one word of which 
he understood, that he used all his pocket-money to 
buy three glasses of brandy for the student-miller, 
on condition that he would three times repeat the 
Homeric lines. " From that moment," he says, "I 
never ceased to pray to God that He would enable 
me to learn Greek." 

Having injured his breast by lifting a heavy cask, 
so that he was no longer able to work in the grocery, 
he went to Hamburg, and in a state of desperation 
stripped as cabin-boy on board a vessel bound for 
Laguayra. He left port on the 28th of November, 
1841, and just two weeks afterward the vessel was 
wrecked on the Texel. With great danger and hard- 
ship the crew was saved. Schliemann made his way 
to Amsterdam, intending to enlist as a soldier ; but 
finding himself on the point of starving to death, he 
pretended to be sick and was sent to the hospital. 
Finally, a German merchant discovered and assisted 
him, and the Consul procured him a situation as 
errand-boy in a mercantile house. 

His salary was 800 francs a year, and the half of it 
he instantly devoted to his education. He inhabited 
a miserable garret-room, without fire, for which he 
paid eight francs a month ; his breakfasts were rye 
mush and cold water, and his dinners never cost more 
than three cents apiece. After learning to write a 
good legible hand, he began the study of languages; 
but his memory was so deficient, through lack of 
use, that he was compelled to carry his books with 
him on his errands, and study by snatches as he 
walked or waited. At the end of a year he knew 
English and French, and his memory had improved 
so wonderfully, that he acquired a good commercial 
knowledge of Italian, Spanish, and Portuguese, by 
giving only six weeks to each language. But these 
studies and the running of errands from morning till 
night did not work well together; they damaged 
each other. Schliemann's principal refused to give 
him a better position, but by great good fortune he 
obtained a place as clerk and correspondent in the 
house of Schroder <fc Co., Amsterdam, with a salary 
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of 2,000 francs a year. He soon perceived the busi- 
ness necessity of a knowledge of Russian, and set to 
work to learu it There was no teacher to be had ; 
the only books he ooold procure were an old 
grammar, a dictionary, and a Russian transla- 
tion of Fenelnn's Tiltmaque. His habit of 
Studying aloud, in order to aconstom his ear to tbe 
cound of foreign languages, was so annoying to the 
tenants of the neighboring rooms that he was sev- 
eral times obliged to change his quarters, but in 
spite of these disadvantages he was soon able to 
write Russian letters and to converse with Russian 
merchants who visited Amsterdam. In 1848 the firm 
sent him to St. Petersburg as its business agent. A 
year afterward he established a commercial bouse 
of his own, and for eight years thenceforth devoted 
himself with such energy to the building up of a 
large business, that no time was left for the prose- 
cution of further studies. Finally, in 1856, he was 
so far successful that be yielded to the old desire of 
learning Greek, the fascination of which he had 
dreaded, as a possible interference with his other 
duties. With the aid of two Athenians, be mastered 
the chief difficulties of Modern Greek in six weeks, 
and in three months afterward was able to read 
Homer with ease. In two years more he was familiar 
with nearly all the ancient classics. In 1858, having 
acquired wealth and leisure, he left St. Petersburg, 
and spent more than a year in travel, visiting Italy, 
Egypt, Syria, and Greece, and adding the Arabic to 
his catalogue of tongues. 

By the end of 1868 Schliemann found that he was 
a rich man and retired from business, resolved 
to devote the remainder of his life to archaeological 
studies. Tbe following year he started on a trip 
around tbe world, visiting India, China, and Japan. 
Returning in 1866, he settled in Paris, and prepared 
himself for archaeological explorations in Greece 
by three more years of bard study. 

FIRST BE6EABCHE8 IN ITHACA AND THE TROAD. 

In the Summer of 1869, with the Iliad and the 
Odyssey in his pockets, Schliemann started on his 
first tour of research. Landing on tbe island of 
Ithaca early in July, he spent about a week in en- 
deavoriug to identify the localities of the Homeric 
narrative. His own narrative, by the by, is almost 
Homerio in its terse, picturesque simplicity. He 
seems to have believed, in advance, that he should 
finH all which he went to seek, and bo accordingly 
finds them— the palace of Ulysses, the Grotto of the 
Nymphs, the home of the swineherd Eumiius, and 
even ten of the twelve stalls for swine, in the neigh- 
borhood of the fountain Arethusa. But this faith is 
pardonable, when we consider the narrow limits of 
the island, and the fact that there remain only one 
grotto, one fountain, and one acropolis, which suit 
the conditions of the story. In Ithaca, where the 
people have no traditional history except that of 
the Odyssey,— where in every family, at this day, 
the first-born daughter is always called Penelope, 
the first son Odysseus and the second Telemachos, 
Schliemann was hailed as a friend and benefactor. 
The inhabitants of every village flocked together to 
hear him read Homer, in return fox which they 



gratuitously entertained him with the best they 
had. He thus describes his visit to Leuke, on the 
northern end of the island : 

It was noon when we reached the village, and sines I 
deeired to see the ancient valley of Poll* and its aoropo* 
lis, I decided to make no stay In Leake. Bat the people 
neroed tue so earnestly to read some passages from tbe 
Odyssey, that I was finally obliged to comply. Id order 
to be heard by all, I had a table placed, as a rostrum, 
under a plane-tree In tbe center of the village, and then 
read wltb a load voice tbe 28d Book of the Odyssey, from 
the opening to tbe 347th verse, wherein it is related bow 1 
tbe Queen of Ithaca, tbe best and most, chaste of women* 
reooflroiaes ber beloved spouse after twenty years of 
separation. Although I bad already read tbe passage 
numberless times, I was always freshly moved whenever 
I perused It, and tbe magnificent lines made the same 
Impression upon my auditors. All wept profusely, and 
I was obliged to weep with them. After tbe reading 
was finished, they begged me to remain at least a day 
loncrer, but tbls was not possible. 
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MAP OF THE TROAD. 

Schliemann next visited Corinth, Myoen® and Ar- 
gos, spent a week in Athens, and then sailed for the 
Dardanelles, in order to explore the Troad. This 
preliminary survey of his future field of labor was 
made during ten of the hottest days of August, 
during which he thoroughly examined the plain of 
Troy, from the shore of the Hellespont, at its north- 
ern extremity, to the site of Alexandria Troason the 
south, and the base of Mount Ida on the east. Most 
archaeologists had fixed upon the little Turkish ham- 
let of Bounarbashi, some ten or twelve miles from 
tbe sea, as the site of Ilium Veto* (Ancient Troy), 
and persisted in considering the main stream— th6 
Turkish name of which, Mender* instantly suggests 
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•Scamander"— to be the Simols. They placed Ilium 
tfovtm, the later Greek city, mentioned by 8trabo 
and other authorities, at the point now called His- 
tfarlik ("the place of the Castle"), a broad plateau of 
no great bight, at the end of one of the low ranges 
of hills which stretch into the plain from the base of 
Ida. This position is just three miles from the site 
of the Greek camp at Sigenm. A glance at the out- 
line map I send will make the topography of the 
Troad easily intelligible. I should explain that the 
term Ilium Novum is not used by the ancient writers. 
It appears to have been an invention of the French 
traveler, Lechevalier, who visited the Troad in 1788. 
But it is a convenient designation for the later 
Greek Ilium, and I quote it in this sense. 

Sobliemann's familiarity with Homer satisfied 
him, at once, that the latter had seen every locality 
which he describes. In fact, this impression is 
strongly forced upon every one who visits the spot. 
I have twice looked upon the plain of Troy from the 
deck of a vessel passing between it and Tenedos, 
having on one hand the sky-piercing peaks of Samo- 
thrace in the distance, towering over the low inter- 
mediate hills of Imbros, and on the other the broad, 
uncultivated fields of Troy, divided by the sinuous 
thickets which mark the course of Scamander, with 
Ida, furrowed with piny glens, in the background, 
and the snowy crest of " topmost Gargarus" over all. 
Yon remember, no doubt, the charming description 
of the scene in " Eothen." 

In ten days Schliemann convinced himself, in the 
most practical way, that the Mendere was the 
Scamander and not the Simols, that Bounarbashi 
could not possibly 'be the site of Troy, that the huge 
natural acropolis near it had never rorne" Priam's 
lofty house," and that Ilium Novum had been simply 
built upon the rubbish of Ilium Fetus— in short, 
that whatever was to be found of the real Troy 
must be sought for under the surface of the plateau 
of Hissarlik. His chief reasons are the following : 

1. After sinking a number of small pits on the 
bights of Bounarbashi, he found no trace of a city 
having ever stood there. The primitive M bed-rock" 
was reached, in many instances. 

8. The tumuli, called after Hector and Priam, have 
been opened, but contain no evidence of having 
been uaed for sepulture. Between them and the 
citadel are the remains of a small town, which 
could not have contained more than 2,000 inhabitants. 
' 8. The citadel, which has been supposed to be the 
Pergamos of Priam, has a hight of 450 feet : its sides 
fall at an angle of 45° at first, and finally of 65°, so 
that Hector and Achilles, in their triple race around 
the walls of Troy, could hardly have made the 
break-neck descent. The substructions of the 
ancient edifice on the summit are so limited in space, 
having only one entrance—a door a yard wide— 
that they never could have belonged to the citadel- 
palace of a place so populous and important as Troy. 

4. The distance from. Sigenm (nearly 10 English 
miles) is so great that the marches back and forth 
of the Greeks from their camp to the walls of Troy, 
as described in the first seven Books of the Iliad, 
could not possibly bare been performed in the time 



mentioned by Homer. Troy must have stood much 
nearer the sea, or the poet indulged in a reckless 
exaggeration, with which he has never been charged. 

5. Instead of the two fountains mentioned by 
Homer, there are no less than thirty-four at Bounar- 
bashi, their united outflow forming a strong stream 
(called the Scamander by former archaeologists), a 
part of whose waters are carried to the JSgean by 
an ancient canal, to prevent the plain from being 
mandated during the Spring floods. 

6. Mount Ida is not visible from any part of the 
hight of Bounarbashi. 

At Hissarlik, however, Dr. Schliemann found all 
the conditions required. Moreo/er, a number of 
passages in ancient authors, especially Strabo, all 
indicated that the later Hium occupied the site of 
the older city. The distance to Sigeum is three 
English miles ; the Scamander flows between ; 
Mount Ida rises clearly above the eastern horizon, 
and a smaller stream, coming down from the north- 
ward, sufficiently represents the Simols. The situa- 
tion is grand and imposing, overlooking plain and 
sea. The circumference of the walls of the later 
city is about three miles, which, supposing they 
indicated the site of the ancient Trojan walls, 
would not be too great a distance for the triple race 
of Achillas and Hector. At Bounarbashi the space 
which must necessarily have been traversed is 
nearly double. Finally, the whole surface of the 
plateau of Hissarlik is covered with fragments of 
marble and pottery, which can be nothing else than 
the debris of the later Troy. No one can deny that 
these are fair and reasonable grounds. They have 
been sharply assailed, of course, by stay-at-home 
scholars ; but the man who digs day after day on 
the supposed site of a city to satisfy himself that its 
bones are not there, who tries to run around its cir- 
cuit, and travels back and forth between it and the 
established locality of the Grecian camp, has an ex- 
cellent claim to be heard. Immediately after his re- 
turn to Paris, Dr. Schliemann published a volume 
called " Ithaca, the Pelopouessus, and Troy "—but it 
does not seem to have attracted any geuoral atten- 
tion. In it be gives his views concerning the site of 
Troy, feeling sure, probably, that no one else would 
be likely to anticipate his secret purpose of return- 
ing to the spot and undertaking an excavation. 

RETURN TO THE TROAD. 

A few months after the publication of his volume 
Schliemann returned to Greece. From this time 
Athens has been his permanent home. Before be- 
ginning again bis researches, he married an accom- 
plished Greek lady, who won his heart by her en- 
thusiasm for his labors and her knowledge of 
Homer. I have no detailed account of his explora- 
tions at Hissarlik in April, 1870, further than their 
result aud the cause of their being suspended. 

The plateau on which the later Troy stood is abont 
three miles in circumference and 80 feet above the 
level of the plain. Its northern side rises very 
abruptly ; on the west and south it slopes off gradu- 
ally, while on the east it is separated only by a slight 
depression from the low spur of hills which stretch 
oat from the chain of Ida. At its north-western oo*> 
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ner rises a second plateau, 30 feet higher than the 
first (100 feet above the plain), and nearly 1,000 by 
TOO feet in length and breadth. Schliemann in- 
stantly decided that the latter moat be the citadel 
of Priam, mid felt more than ever sure tbat its ao- 
CJmulated rubbish might cover some distinct re- 
mains of "Troy town." He was further strength- 
ened in this belief by the discovery of an aneient 
bed of the Soamandor, much nearer the plateau of 
Hissarlik than the present one. The presumed 
Simula bad united with it at a point about two 
thirds of a mile from the foot of the mound, thus 
firming just the battle-Held described in Homer as 
being bounded by the Scam under, the SamoTs, and 
the walls of Troy. Hiring a few laborers, he began 
to dig at the north-western corner of the 
higher plateau, and at a depth of IS feet 
came upon a wall six feet thick, which 
is now conjectured to have been a small 
fortification of the time of Lysimacbus (300 B.C.). 
Hardly had this been reached, wben the owners of 
the soil, two Turkuili farmers in a neighboring vil- 
lage, who used the plateau as a sheep pasture, pro- 
hibited Scbliemann from nigging further, unless he 
would pay them 13,000 piasters (about 9500) as dam- 
ages, and bind himself to till up tho excavations again 
afierheliad finished. He offered to buy the land, 
but they positively refused to sell it at soy price. In 
this dilemma be turned for help to Saf vet Pasha, one 
of the most enlightened members of the Sultan's 
Cabinet, in whom he found a man capable of under- 
standing ijis object and ready to render assistance. 
The result waa tiiat the ground was despotically 
purchased by the Turkish Government for 8.000 pias- 
ters (8125) and Schlioinoun obtained permission to 
make rest-arches. 

Here, however, anew difficulty arose. The newly- 
established Museum of Antiqniriesin Constantinople 
claimed possession of every object which might 
thenceforth he exhumed throughout the Turkish 
Empiie; and Schliemann was too experienced a man 
of business to go ou with a great undertaking at his 
own risk and cost, nnd lose bis chance of treasure- 
trove. The firman which he asked for, before begin- 
ning his labors, was only obtained, Anally, through 
The aid of Mr. J. P. Brown, for twenty or thirty years 
Secretary of the American Legation at Constantino- 
ple. All these matters, however, were not settled 
before the beginning of October, 18T1 ; and even then 
the Turkish Government ordorod that all excavations 
should be made under the eyes of an officer appointed 
for the purpose, whom Schliemann was obliged to 
Pay 91 per day. 

On the 11th of October tbe work was begun with 
eight men, bntou the second day afterward 74 men 
were employed In removing the upper soil. Firmly 
believing that the remains of tbe famous templo of 
tbe Trojan Hinerva were under the higher plateau, 
which be already called theCitadelof Priam, Schlie- 
mann relinquished his excavation at thd north- 
western corner, chose a starting-point further east, 
mid laid out a brood cut from north to south across 
the highest part of tbe plateau. His plan was to 
cleave tbo upper and lower plateaus down to the 



original soil, balievine that tho ruins of the ancient 
Trojan city would he found under all tbe accumu- 
lated rubbish of the subsequent ages. Immediately 
under the surface the workmen came upon the foun- 
dations of a building of massive hewn atones, be- 
longing to tbe first century of our era. These were 
removed with great labor and burled down the 
steep northern slope of the mound. Under this ma- 
sonry, which ceased at a depth of six or seven feet, 
the soil was composed of pottery, ashes, and dibrtt of 
all kinds, filled with relics of the past of the mosB 
unexpected character. The excavations were carried 
on until the 20th of November, by which time tho 
cut had reached an average depth of S3 feet. After 
penetrating about 25 feet below the surface remains 
of massively constructed houses appeared, and the 
antiquarian yield assumed a very different chrracter. 
Tbe Win tor rains, which set In toward the end of 
November, obliged Schliemann to suspend labor un- 
til the following Spring. 




errs; at thb KxciVATioxs. 

1. FchUsannn'i BichuIob in 1870. a. Sine In 1871. — BoBU 

So for, no positive indication of Troy— as he then 
supposed,— had beeu brought to light ; bnt tbe relics 
which had been unearthed were so various and so 
remarkable, that the time and expenditure hod been 
richly repaid. The results of this beginning may he 
briefly statedasfollowss Atadepthof from 8 to G 
feet were found copper coins and medals of Sigenm, 
Alexandria Troas and ninm, an enormous quantity 
of ornamented terra-cotta disks. Bud substructions 
of houses built with Roman cement: from to 13 
feet no hewn atones, ashes and calcined soil, with 
traces of fires everywhere, quantities of oyster and 
mussel shells, tasks of wild boar, vertebras of sharks 
(which are not now found in the JSjean), and some 
rude specimens of pottery; at tbe depth of IS feet, 
great quantities of stone axes, lances, weights and 
other implements suddenly appear: alittle lower, 
pottery of very elegant form and fine quality, deco- 
rated with tbe owl's-head, phalli o emblems, knives 
of flint, needles and spoons of bone, a few copper 
nails, and a great quantity of curious terra-cotta 
disks, with a bole in the center, and adorned with on 
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TERRA-C0TT1 DISKS. 

The Tvo Upptt, Tnijin-Sn Lomr, Pre-Hiitorlo, 

At the depth of from 23 to 33 feet the relics again 
change. Having already reached the stone period, 
as be imagined, Schliemann was amazed to find be- 
low it weapons of pure copper of unusually elegant 
forms. The vase.i, urna, and drinking vessels were 
net only quite original in design but very beautiful, 
brilliant, red, yellow, green or black in color, bat 
without ornamental designs. At tbe firstnamed 
depth (33 feet) the (houses were of large sun-dried 
tiles, with door-sills of stone, but 10 feet deeper they 
were wholly of enormous blocks of stone, without 
mortar. In short, the grade of civilization exhibited 
by tbe remains Increased as the excavation reached 
■□ earlier age. This nuexpeoted discovery only in- 
creased the desire to penetrate to tbe lowest histori- 
cal stratum, and there find, perhaps, some engraved 
relics of the lost Ilium. 

On tbe 1st of April, 1873; Scldtemann, accompanied 
by his wife as usual, reached the Troad, andresumod 
operations with a force of 100 workmen. He brongtat 
with biin two overseers, furnished by Mr. Latham, 
director of the railway from the Piraus to Athens, and 
M. Laurent, a French engineer, who mode a careful 
survey of the localities. The expenses thus assumed 
for the excavations amounted to something more 
than 91,000 per month, omitting the Greek holi- 
days {which, added to the Sundays, make 147 
idle days in the years), and estimating tbe wages of 
the common laborer at about 85 cents per day. I 
con only give a hasty milline of the progress of the 
researches. Interesting as it is, from first to last, 
the mass of details would only confuse tbe reader who 
Is simply desirous of knowing how Troy was found 
and what was found there. Schjiemann began by 
laying out the plan of a new cut, 46i feet deep, and 
S88 feet (English) broad, through the upper audlower 
plateaux, including therein his cut of 1871. The 
engineer calculated that the amount of debris to be 
removed would measure 78,545 cubic meters— abont 
00,000 cubic yards— all of which it was necessary to 



e to tbe steep northern declivity and shoot upon 
the plain below. At the proposed depth It was sup- 
posed that tlie bod-tock or at least the original soil 
would be reached. 
On beginning to enlarge and deepen tliBcxcavs- 
ion of the former year, the soil was found ta be 
swarming with small poisonous adders, called 
Ant 'etioa by the people, because thair bite is said to 
produce death before the going down of the sun. 
rinding that the workmen handled them with im- 
punity, and even were bitten without any results, 
Schliemaun discovered that they hod prepared 
themselves by drinking freely of a decoction of 
"sanke-root," which grows npou the plain. Ho 
judged It prudent to prepare himself against danger 
by using the same antidote. The discoveries made 
during the first three weeks, when a depth of 48 
feet was reached without finding tbe bottom of tlio 
ruins, were chiefly remarkable for their iudicatious 
of a much earlier civilization than is ascribed to 
Troy. The figure of the owl-headed Minerva, on 
vases and other ornaments, became so li^qnent that 
Schliemann saw therein a certain syniVol of the 
Trojan goddess. He insisted that the t«*» glaxliopU 
Athene of Homer meaus, correctly translated, "tho 
goddess Athene with the owl's face.'' aud drew a 
newfaitbin his theory from this Interpretation. 
With regard to the primitive symbols of tbe orig- 
inal Aryan race which he discovered, I will mention 
them after finishing the history of the explorabiML 



vase wrrn rac owL-nEADiro Humva of -toot. 
The owl-face on this vase is not to be mistaken. 
The circles below represent the breasts, rudely hint- 
ing at both bird and goddess, 'n one. This emblem 
is repeated, not onlv on pottery, but on the peudanta 
of the golden ear-drops and diadems which were 
afterward f oand in the su-called House of Priam, 
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By May, Scbliemann had 180 laborers employed, 
and divided the force, placing a part of the men 
under the charge of a Parian Greek, named Photidas, 
who had worked seven years in the gold mines of 
Australia, and understood tunneling. The great cut 
through the plateau was now driven from both ends, 
but the difficulty and danger arising from the masses 
of crumbling earth on either side greatly delayed 
the undertaking. Piiotidas and one of the men 
were buiied by the slide of a huge mass, but were 
fortunately saved by some wooden props and dug out 
before they were suffocated. The eastern part of 
the plateau belongs to an Englishman, Mr. Calvert, 
who has a large farm on the site of the ancient 
Thymbria, and Scbliemann made an agreement with 
him to sink another excavation on the eastern side 
of the great cut. At the very beginning of this new 
work a Doric triglyph was discovered, with a bas- 
relief nearly a yard square in the interspace, repre- 
senting the Sun-God driving his four-horse chariot. 
This piece of art, certainly of the age of Lysiniochus, 
is purely Greek, and therefore purely beautiful. The 
horses resemble thoae on the frieze of the Athenian 
Parthenon. 

Having reached the original soil on the northern 
Bide of the mound, Scbliemann determined to run an 
oblique ditch, 150 feet wide at the top, and half that 
breadth at the bottom, to intersecc the main out. 
In proportion as he advanced, he was struck with 
the fact that the remains of massive out-stone 
houses, copper weapous, vases of elogaut form and 
rare and curious symbolical figures ceased suddenly, 
at the depth of about 83 feet ; while, below that 
depth, to the primeval, undisturbed earth, at 45 
to 48 feet, a new aud apparently much older class of 
relics was found. The 6ame result had been attained, 
the previous year, in the spots where a greater than 
the average depth had been reached ; so, now, iu- 
stead of breaking up these ancient walls and re- 
moving them, the explorer decided to ascertain 
their extent and character. By the end of July a 
wall six feet thick and nine feet high wa3 discov- 
ered, at a depth of 42 feet, on the northern side of 
the plateau, and a tower, 40 feet . in diameter, based 
on the bad-rock, on the southern. Twenty feet of 
the tower w6re still remaining, and the moss of 
loose blocks scattered around it indicated a much 
greater original bight. Inasmuch as both these 
massive ruins, on opposite sides of the muund, evi- 
dently belonged to the same period, and to the walls 
of houses occupy iug a plane connecting them, it was 
clear that an important city, inhabited by a highly 
civilized people, stood— not upon the original soil, 
but — upon the rubbish of a still earlier settlement, 
whose remains were 14 or 15 feet in depth below 
it. It was only by degrees, however, that Schlie- 
mann convinced himself that the masonry be- 
longed to the Troy of Homer, which, itself, must 
have arisen upon the ruins of some pre- historic 
capital, of whose people we can only say that they 
belonged to the Aryan race. 

Until the 14th of August, a period of four months 
and a half, the woik was patiently driven forward. 
Then fever broke out among the workmen, the over- 



seers were taken down, and the aspects becamo so 
unfavorable that Scbliemann reluctantly stopped 
work for the year and returned to Athens. He first, 
however, laid bare enough of the tower to find that 
it was connected with strong walls on both sides ; 
here, moreover, two copper lances were discovered. 
The number of articles, great and small, unearthed 
since the beginning of the enterprise, already 
amounted to more than 100,000! The evidenoe of 
successive historic periods was now clear, the chaos 
of fragments began to speak with an intelligible 
voice and language, but the name of Ilium was not 
yet so distmotly written that the modern world 
must perforce read it. 

EXCAVATIONS IS 1873. 

By the 1st of February, 1873. the work was again 
resumed, but little was done before the 1st of March, 
when the weather became fine, the Greek holidays 
were less frequent, and the workingmen, to tho 
number of 158, were gathered togeth er. After clear- 
ing away the washings of the Winter rains, Scblie- 
mann followed the wall on the northeru side of the 
plateau until he reached a part which was strongly 
buttressed. This, and other indications led him to 
believe that he had found the site of the Trojan 
temple of Minerva. Further excavations seemed to 
confirm this view; they laid bare the foundations of a 
building 280 by 70 feet in dimensions, formed of huge 
unsculptured blocks, and nowhere more than six 
feet high. The earth above it, however, was filled 
with an immense mass of sculptured fragments. 

It Is impossible, within the space at my command, 
to describe the various objects discovered from day 
to day. Schliemann's previous experience had, by 
this time, enlightened him as to the proper direction 
of his labors, and he sought to strike upon something 
which would serve as an indisputable landmark. 
The accumulation of term-cDtta disks, vases, idols, 
stone weapons, copper knives, needles, household 
utensils, with an occasional gold or silver ornament, 
continued; but the collection was already great 
enough for archaeological purposes. The high tower, 
tho connecting walls, the foundation of the temple, 
and the remains of houses covering the same stratum 
of ruin upon which the former stood, promised more 
important results. With this view he made various 
detached cuttings at the edges of the plateau, carry- 
ing them down to the level of what he was now con- 
vinced was Trojan masonory. 

In the beginning of April, at a depth of 37 feet, a 
house of eight rooms, adjoining the great tower, was 
discovered. The walls were about four feet thick, 
in some places 10 teet high, showed traces of a coat- 
ing of lime or stucco on the inside, and were, in many 
places, calcined and blackened by fire. In some of 
the rooms were earthen jars, for wine or other stores, 
between seven and eight feet high, and in front of 
the house a stone altar, for offerings, of a rude, prim- 
itive form. A little further there was a great mass 
of human bones, among them two entire skeletons 
wearing copper helmets, within which the skulls 
were well preserved. To the explorer's Homeno 
enthusiasm nothing more could be added : ruin, con- 
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llttfirntior 



rriors, helmets and lances— here was 



Troy! 

From day to day the store of beautiful vases with 
the owl- faced Minerva upon them increased. At 
the level of the tower and the rained dwelling all 
objects wore a distinctively Trojan stomp. A few 
days later, near the tower, a street was discovered. 
It was 80 feet below the surface, 16 feet wide, and 
paved with stone blocks about four feet square. 
Schliemann immediately wrote, on making the an- 
nouncement: " Beyond the least donbt it leads to 
the Sevan Gate, which cannot be mom than 160 
yards distant from the tower." Be ordered 100 
workmen to carry on the excavations with all speed 
la that direction. In order to secure the tower and 
the adjoining bouse from spoliation h.v the Greek 
and Turkish inhabitants, to whom the walls would 
have been a most welcome quarry, he informed the 
workmen that Christ hod once visited King Frlam, 
and walked along that very street, on entering 
Troy. A little shrine with a lump and picture of 
Christ was also placed on the corner of the tower, 
which thus very soon became a sacred place to Mos- 
lem as well as Oriental Christian. 

Early in May, the exearatiou of the street, af tor 
having led to the finding of another large Trofan 
bouse, npon the ruins of which a dwelling of the 
later Greek period had been erected, terminated at 
a massive double gate, the copper bolts of which 
were found among the rubbish. There could be 
littledonbtthat this really was the Scjean Gate, in 
mentioning which Homer always uses the plural. 
The first entrance is about 11 feet wide, with a 
smooth massive pavement, from which a roughly- 
paved way lends to the second entrance, 20 foet 
further to tho north-east The foundations of the 
huge Trajan house, lying between the gate and the 
tower, proved to have been built npon a mound 
artificially formed of the rains of the prehistoric 
eity. Its situation. Its stately dimensions, and the 
treasures afterword found in its eh ambers, seem to 
Justify the discoverer in calling it. If not the non»o 
of Priam, certainly the house of a prince or ruler of 
the Trojans. 

A great quantity of beautiful and carious vases of 
the finest workmanship were found In this bouse. 
Among thorn were several of a peculiar form, with 
two flaring haudles and two ears for drinking. 
Schliemann socs in the latter tlie depot amphikapellon 
of Homer, which, he insists, ought to be translated 
■imply as " cup with two handles." This is a minor 
point, in the presence of so many more important 
discoveries, but it may he of interest to some 
persona. 

The discovery of the Reason Gate of course di- 
rected all further exploration to the- neighborhood 
of that locality. The position corresponds to the 
description of the Iliad. It is at the north-western 
corner of the wall of Troy, and from the high tower 
near it, old King Priam could have hud a clear and 
complete view of the battle-Held on the plain, be- 
tween the Scamaoder and the Kimola. So, whon 
Dr. Schliemann, after having rummaged through 
half the remaining fains of Troy, takes the only 



large, stately mansion among them all, standing be* 
tween the tower and the Soman Gate, and calls ft 
"The House of Priam," I think he does not deeerve 
to be treated by certain German moan* as if he were 
an impertinent school-boy. Let him have his House 
of Priam— and let us, too, so call it — whether Priam 
ever lived' in it or not. For my part, I have far 
more faith in historical tradition than many people 
of greater wisdom: hut 1 am always delighted when- 
ever the research of our wonderfully explorative age 
justifies the tradition ; and they are not. 



THE eCXAX GATE. 

play in flva 

acts: 1869, 10, '11, 13. and 18,— the interest in- 
creasing until It culminates in a grand tHnouement, 
and then the curtain falls. During the month of 
May and beginning of June the rubbish, 60 feet deep, 
of three or four thousand years, was slowly cleared 
away, and the foundations, at least, of Homer's 
Korean Gate looked onoe more across the plain of 
Troy, to Tenedos andlmbros and the Samothrocian 
Ida. Then— what particular day it was be does not 
tell us, — the city wall running southward along the 
edges of the great mound having been further laid 
bare something happened, which 1 must allow him 
to tell in his own words; 
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Indies lone, with > small direr Taw, welded to It h v the 
iciIoq of Ore; a golden flaenn, weighing nearly a 
pound j two golden goblets, one of which weighed rtearly 
a pound and a quarter {0OUBruiniuea},iiad bud. two uioutlm 
for drinking— u small one fortne host ami a larve one 
for the gueai. Tiio latter had been oast. Out the former, 
■■well as Ibe flagon, were of hsiuiueiod work. There 
werv, further, pieces of silver wlnob were pnibHbly 
"talents"— tbe talattfa of Homer— three silver vases. 



twu-edoed .'upper daggers, a part of ft 



TUB DOUBLE-MOtTTRBD GOLDEN CUP, FBOM TD.K 

All these objecta were closely packed In a quad- 
rangular space, surrounded with wood ashes, and 
Dear them lay a copper key, 4 Inches In length,— 
whence Sohliemann conjectured that they had been 
packed in a wooden chest, which, left behind in the 
terror of the conflagration, was afterward oovered 
by the ruins of the falling beams aud walla. Within 
the Honse of Priam, on the inside of the olty wall, be 
found a helmet and a silver vase about 7) inches in 
bight, in which were two diadems of golden scale*. 
a golden coronet, 56 golden ear- rings, and 8,750 small 
gold rings, buttons, &t>. The fashion of all these 
articles has no resemblance to the ancient Egyptian 
or Assyrian ornaments: the Trojan Jewelry, no less 
than the pottery, is entirely original. Whatever 
symbolic forms it assumes (with the exception of the 
owl of Pallas) point toward the far off, mysterious 
home of the Aryau race in Central Asia. The value, 
l-y weight alone, of all the gold and silver found in 
or near the House of Priam, has been estimated at 




I, FROM THK HOTJBE OV PRIAM. 

Schliemann now hastened to bring bis labors to on 
ei.il, and thus secure the results of what he bad al- 
ready accomplished. He broke away a large part of 
the upper wall which rested on the ashes where the 
treasure was found, enlarged tbe excavation around 
(be Semap Gate, and opened new rooms of tbe royal 
house; but little of interest was found except a 
tablet of red slate, with on inscription In some un- 
known language, and three silver bowls. He also, 
by sinkiirjr anuiuber of shafts L. tha lower plateau 
of Hissailik. and finding nowhere any trace of cither 



Trojan walls or Trojan pottery, convinced himself 
thut ancient Ilium did not extend beyond the cir- 
cuit of the upper plateau, and could hardly have 
contained a population of more than 5.000 inhab- 
itants! This, however. Is no measure of the power 
of the Trojan State, or the auxiliary forces which 
it could bring into the field. The large, heroic can- 
vas of Homer, he argues, has misled the antiquarians, 
and he points to the fact that Athens was famous 
when the Acropolis— smaller than the Pargamo* of 
Troy— inclosed the whole of tbe primitive city. 

On tbe 17th of June the researches came to an end. 
What bas been uncovered will be left so, aud it is td 
be hoped that the legend of tbe Savior's visit to 
King Priam will take root among the ignorant 
modern Trojans and preserve tbe walls which no 
other argument could moke sacred to them. 

Schliemann's wonderful success in 1878 was doe, 
in a great measure, to the conclusions which be had 
reached during the excavations of 1673. He eon- 
tinned the classification of the ruins and tbe relic* 
they contained, and soon found tbat they might bfl 
divided into four distinct strata, each of which 
represented a long historic period. Further com- 
parison convinced him that the third of tbese strata, 
counting from the top, was tns, only one whiob mot 
the requirements of Homer and Greek tradition | 
consequently, here was Troy. But under Troy there 
was an earlier layer of rain, varylug from 18 to M 
feet in depth, before the primitive soil was reached. 
This discovery is hardly less interesting than that 
of the position of Troy. It carries the antiquity of 
tbe city back into that immense, shadowy past of 
the human race, which stretches like a mysterious 
twilight land behind oar oldest history. The geo- 
graphical position of Ilium explains its importance 
in those far-off ages. The forges of Ida protect it 
in the rear ; seated at the junction of the Hellespont 
with the Mgoaa, it made a station between Colchis, 
at tbe eastern extremity of the Euxine, and all the 
Grecian, Egyptian, and Pboanician coasts ; the rich 
plain around it furnished abundant supplies, which 
conld readily be exchanged for foreign merchandise, 
aud as its people became rich and impregnable 
within their citadel-town, the other aud ruder tribes 
in their neighborhood would yield to their power. 
It is certainly older, by a great many oonturies. than 
Athens, and its immemorial Importance was no 
donbt the first cause of the jealousy of tbe sensitive 

The topmost historical stratum, which la only Bf 
foot In depth, seems to begin about tbe year 700 
B. C, when a Grecian settlement was established 
there under tbe Lydian dynasty. From that period, 
coins and inscriptions indicate the subsequent cen- 
turies until about the middle of tbe fourth century 
of our era. There are no later coins or medals than 
of Coostans II., whose reign ceased in Sol A. D, 
Sohliemann is of the opinion tbat tbe city was de- 
stroyed at that time, or soon afterward, but give* 
no conjecture of the manner of Its falL It seems to 
me tbat the raids of the Goths, then settled on tbe 
northern shore of the Black Sea where they built 
fleets, even sailing through the Hosphcnis in proud 
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defiance of Constantinople, to ravage the coasts of 
Greece and Asia Minor, give us au easy explanation. 
The Greek Ilium, which covered tbe whole of the 
lower plateau of Hissarlik, must have contained. 
100,000 inhabitants. It was a rich, and at that time 
doubtless, a luxurious city, clearly visible from the 
waters of the Hellespont, speedily reached and in- 
capable of resisting such stalwart invaders. 

We have thus an age of 1,050 years for the first 6J 
feet of rubbish. At this depth the Greek masonry 
suddenly ceases, and a stratum 17 feet in thick- 
ness intervenes between it and the massive build- 
ings of the Trojan era. The relics here found are 
of a perplexing character, and will give plenty of 
work to the archaeologists. The walls are built of 
earth and small stones, but the abundance of wood 
ashes shows that the city— or the successive cities- 
was chiefly built of wood. If the chronology of the 
Trojan age can be approximately established, it 
will, of course, give us the duration of this interme- 
diate belt of ruin ; at present, it is scarcely possible 
even to guess. 

The ruins of Troy form a stratum averaging 10 feet 
in thickness, the depth (from the surface) reaching 
from 23} to 88} feet. Since the foundation of tbe 
city is conjectured to have taken place about 1400 
B. C. and its fall and destruction by fire to have 
occurred about 1100 B. C, this would give three 
centuries for the formation of ten feet of ruin— 
which is quite sufficient if we imagine a small but 
crowded city, with houses of more than one story 
and much wood-work, of which the ruins give ample 
evidence. The marks of intense heat are everywhere 
manifest. When the Screan Gate was first uncovered, 
the pavement seemed uniformly perfect; but at the 
end of two or three months the stone blocks along 
the upper part of the street, which had been exposed 
to the flame, crumbled almost entirely away, to a 
distance of 10 feet from the Gate. The other blocks, 
protected by their situation, remain solid, and 
promise to stand for centuries. 

Finally, under Troy, there is a fourth stratum of 
ruin, varying from 13 to 20 feet in depth, as I have 
already stated. The age of this is a matter of pure 
conjecture, since the vicissitudes of the city's history 
—frequent destruction and rebuilding— would have 
the same practical effect, or very nearly so, as a 
long interval of time. We have anywhere from 
two to five thousand years before Christ— taking 
Egyptian, Phoenician, or Pelasgio remains as guides 
—as tbe date of the foundation of the first Troy. 

REMAINS OF THE FIRST PERIOD. 

Filled with bis Homeric enthusiasm, Schliemann 
gives us, in the present work, only fragmentary and 
imperfect accounts of the characteristics of the 
earliest ruins. The most remarkable feature, per- 
haps, is the superiority of tbe terra-cotta articles, 
which indicate a greater degree of taste and skill 
than those in the subsequent strata. From the be- 
ginning down to the Greek period, the evidences of 
a gradually declining civilization are so clear, in the 
discoverer's opinion, that they must be accepted. 
The early vases are of a shining black, red or brown 
.aolor, with ornamental patterns, first out lute the 



I o -tery and then filled wivh a white substance. Only 
one piece of paiuted terra-cotta was found. The 
inhabitants of the city were certainly Aryans. This 
fact is illustrated in their manner of building, and 
also in the frequency of the earliest Aryan religions 
symbols, upon the terra-cot! a disks— especially the 
two forms of the Cross : 





ARYAN SYMBOLS— THE CU OSS. 

The first of these symbols refers to Fire, or rather 
the birth of fire, the legend of which, in the Sanskrit 
Big- Veda, has such an astonishing resemblance to 
the outline of the Christian theology. The other 
appears to be a modification of the same idea. Since 
the path of early Aryan migration westward from 
Central Asia seems to have been by way of the Cas- 
pian and Black Seas, it is reasonable to suppose that 
one of its many dividing and subdividing currents 
found a permanent resting-place in the Troad. 

REMAINS OF THE SECOND, OR TROJAN PERIOD. 

I must not omit to mention that, among other evi- 
dences of the destruction of Troy by a fierce confla- 
gration, Dr. Schliemann found a layer of slags of 
melted lead and copper, in some places an inch 
thick, extending over the whole site of a city. The 
blackened walls, the masses of wood-ashes aod cal- 
cined stone, filling up the chambers of the ruined 
houses until a rough plain was left for the next city- 
builders, would, however, have been a jufilcient con- 
firmation of the Greek legend. With the exception of 
the large and stately edifice of massive stone between 
the Tower and the Scroan Gate, nearly all the houses 
of Troy were built of unburned brick (afterward part- 
ly burned and hardened by the conflagration), with 
sills of hewn stone. The size and character of the 
large house, together with the greater excellence oi 
the vases found in its chambers, the hclmeted skele* 
tons at its doors, the heap of human bones, suggest- 
ing a desperate defense, and finally the treasures of 
gold and silver found beside it, on the city wall— all 
these circumstances so distinguish it among the 
other and less important ruins that it may well have 
been a royal residence. The number of articles col- 
lected is bo enormous, and their character is so unu- 
eoal and various, that I cannot undertake to describe 
them in detail. Only one inscription was found, and 
that in unknown characters. I copy, from Scblie- 
mann's photographic atlas, the form of a singular 
vase found in the House of Priam. 

The owl-headed Minerva was frequently recovered, 
especially upon another large vase in the royal 
house. Many of tbe urns aud jars are made with 
shallow channels passing around the middle, to bold 
tbe cords by which they were suspended. Of arti- 
cles of pure art, there were only found a flute made 
of bone, and a fragment of a four-stringed lyre, of 
ivory, elegantly carved. The Aryan symbols, in* 



Ancient Troy—Bayari Taylor, 



dneTluw the two forms of the Cross, also constantly 
occur niDous the relies of Troy. 

CURIOUS VASE FROM THE HOUSE. OB PRIAM. 



BBMAUS OP THE THtRD, OB 

The foundations of Tro.', as we have seen, were 

881 foot below the present surface of the plateau of 
Hisatu'likj but after the destruolton of Priam's city 
the site upon which the next-comers built was 10 
feet higher. Who these people were cannot yet he 
ascertained, but that they were also Aryans seems to 
be certain, from the recurrence of the same religious 
symbols, which can hardly have been need for a 
merely decorative purpose, since the forms of their 
pottery are quite different from those of the Trojans. 
They show ibe same degree of decadence in art, in 
comparison with the latter, as these manifest when 
compared with their unknown predecessors. Their 
architecture, moreover, shows a great falling off. 
The houses were constructed of small stones, loosely 
held together with a rongh plastering of earth : the 
tings square blocks of "Troy town" appear no longer. 
One or two walls of the period are mads of sun-dried 
bricks. The d£brU is of a dark-gray color, mixed 
with ashes, and contains enormous quantities of 
shells and fish-bones. Pieces of two lyres were 
found, a very few copper weapons, and a great many 
stone axes and knives of flint or diorite, of very fine 
workman 3'i in. 

After rising to the depth of 18 feet from the snr- 
face there is another change, hardly determined 
enough to make a new historical division. The 
signs of co uvula ion- -dumb hieroglyphics of lost his- 



even of the previous rude walls of t 
stones— indicate the existence of a city built of 
wood. The signs of copper implements wholly 
cease, and all weapons and utensils are of stone, hot 
of quite inferior workmanship. The vases and ves- 
sels of terra-ootta again show a diftarent fashion t 
yet, most singularly, they are covered with the 
same ancient symbols. There is more than one evi- 
dence of a general conflagration. If at that na- 
known period— certainly before TOO B. C.— Troy was 
a wooden city, it must have been frequently de- 
stroyed and rebuilt. It wonld be very difficult, 
otherwise, to account for 17 feet of rubbish in four 
or five centuries, when the 1,060 years of the Greek 
city only loft six feet behind them. Here is a great 
and deeply interesting field of further research. 

REMAINS Or THE FOURTH, OR GREEK PERIOD. 

The Greek settlement, which Schliemann eon- 
lectures to have taken place about TOO B. C, has 
left but few relies anterior to the age of Lysimachns 

(306 B.C.). But we know (Rerodotut, VII., 43) that 
Xerxes, in 480 B. C, on his way to Greece, came to 
the Troad ; that he landed at the month of the 
9eamander, visited the " citadel of Priam," and 
sacrificed 1,000 beeves to the Trojan Minerva. We 
also know of the Macedonian ■Alexander's nude 
pranks at the mound of Achilles; so that the age of 
the Greek city may be tolerably well ascertained 
without consulting its ruins. The bas-relief of 
Apollo, which appears to have stood between two 
triglyphsof a small temple, baa been pronounced 
by Prof. Brunn of Munich, one of the best living 
authorities, tu belong to a period between the mid- 
dle of the second and the end of the fourth century 
before the Christian Era. 

Inasmuch as the Greek relies found at Troy belong 
to the historical age, 1 shall not describe them 
further. Two curious coincidences, however, must 
be mentioned, before I close this long, yet all too- 
brief report. Several of the terra-ootta disks, 
belonging to the third or post-Trojan period, prove 
to he precisely identical in shape, size, and em- 
blematic decoration, with, those found in the lake- 
dwellings of Northern Italy. Both refer directly to 
India, to the Sanskrit mvths of l'ramantha, the far 
earlier origin of the Greek i'mmethent. An ancient 
vase, with a belt of curious characters around it, 
which Schliemann at first supposed to be merely 
— uamental, hut afterward imagining they might 

-■»--■--■ -■"- "• --;---- p gem to J|, 

._. . ._ __ _Jgean and China. M, Burnouf 

declares that the characters are early Chinese, per- 
fectly legible, and constitute the sentence : " For the 
earth causes to spring from ten labors ten thousand 
pieces of stuff." 

There is, of course, a vast deal more in Dr. Soblie- 
mann's narrative volume, and his atlas of 218 photo- 
graphs, giving us four or five thousand pictures of 
the exhumed objects, thou I am able to mention 
here. I have confined my labor to the narration, as 
clear and intelligible as possible, of bis achieve- 
ments. Inasmuch as bis own story is very broken 
and fragmentary, my task has not been easy ; but I 
feel sure that the American reader will be glad to 
receive as much as 1 have been nbln to give. B, t. 
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BllOWN-SEQUARD'S LECTURES. 

The following course of six lectures was de- 
livered by Dr. Brown-Sequard of New- York, 
at the Lowell Institute, Boston; beginning Feb. 
25, and closing March 18, 1874 : 



NERVOUS FORCE— Tub Fj^bst Lectubk. 

TRANSFORMATION OF LIGHT, HKAT, ELECTRICITY, AND 
CHEMICAL FORCE INTO NERVOUS FORCE— A 
GUINEA PIG SURVIVING AFTER THE MEDULLA 
OBLONGATA WAS CUT AWAY— NERVES KEPT ALIVE 
FORTY HOURS AFTER SEPARATION— COMPARATIVE 
POWER OVER THE NERVES OF OXYGEN, STRYCH- 
NINE, AND THE WILL— THE UNITY OF THR NERVE 
FORCE. 

I FROM AN OCCASIONAL CORRESPONDENT OF THE TBIDUXK.) 

Boston, Feb. 26.— The popularity of this course of 
lectures may be seen from the fact that a supply of 
tickets equal to the full capacity of the hall of 
iiowcll lusliiute was disposed of within three- 
quarters of nu hour after tbe office was opened. 

Tho»e who know of Dr. Brown-Sequard's devotion 
to Prof. Agasaiz in his last sickness need scarcely be 
reminded of the great affection they entertained for 
each other. The Doctor's tribute to the memory 
of his friend did not fail to awaken the sympathies 
of his audience. The lecture was as follows: 

Ladies and Gentlemen: I have no doubt you will 
excuse the emotion that la upon me at this time. Last 
ye nr when I met you here, tbore was sitting there a man 
wlio certainly deserved tlie great admiration that has 
been bestowed upon him, uud whose qualities of heart 
were so great, that although I admired him more than I 
admire any oue, ye.t I loved him still more. His abseuoe 
to-day Justifies the feelings that are now upon me* 

The lectures I have to deliver here are on a subject 
which is full of interest, and which deserves more stndy 
than it has obtained. The various effects produced by 
nervous force are certainly, even for persons who have 
nothing whatever to do with medicine, full of interest, 
and I may say of importance. I will go further. I have 
no noubt that pcrsous who have not at all engaged in 
the medical profession could do more perhaps than 
physicians, lu regard to discovering certain of the 
peculiarities of nervous force* Physicians un- 
fortunately—I speak of myself as well as of others— 
arc biased. Their bias prevents progress. They have 
received an education which has given them certain 
notions, and those notions prevent a free examination 
of certain questions. The unbiased minds of persons 
who have not studied medicine, or 'who, if they have 
studied tbe foundations or it, have not engaged in the 
practice of the profession, permit them to investigate 
and discover. Perhaps as a result of tbe lecture that I 
shall deliver here, it will be given to some of you to push 
forward discoveries in that line. 

Before entering into the proper subleet of this lecture 
it is essential to pass in review some of the elementary 
questions of physiology. I shall do it very rapidly. 
There are two eleineuta 'in the nervous system which 
are united togethor, but which are, however, absolutely 
distinct, the one from the other. One consists in the 
nerve cell, which you see represented on the board. I 
have made it nearly round, but it is very rarely that 
it is so. That cell has starting from it a number of 



filaments. In tbe spinal cord and in the brain 
those cells generally have one element entirely 
different from the others, and that element 
is similar to tbe other element we nud lu the nervous 
system; that is, fibers. There are therefore two kinds 
of elements in the nervous system, the fibers and the 
cells, with then* prolongations. What become* of those 
prolongations is not known, and it may perhaps remain 
always unknown to us in this world. It 1* to be feared 
that the power of our microscopes will remain pretty 
nearly what it is, and if that be the ca*e, tben we snail 
never know much more as regards the ramification 
of those fibers. But the remarkable point of which I 
have not yet spoken, and which you ougtit to keep in 
mind, is that the fibers of the nervous system are united 
with those cells. Within tbe nervous centers, that is, the 
brain and spinal cord, there Is but one or those fibers 
united with cells. In other parts of the body there are 
cells which have two real fibers starting from them be- 
sides the ramifications. 

A DEATH-BLOW TO ANIMAL MAGNETISM. 

Now the nervous force is produced lu those elements 
of the nervous system. I have no need, of course, to 
give a deflnitlou of nervous force, or nerve force, aa 
you will perhaps prefer to call it. It is that force which 
naamfests itself in nervous actions. The nerve force 
belongs only to the elements I have described. Are 
there any instances In which we can fiai nervous forco 
without the existence of those two elements 1 This 
question is now decided in this way. There are animals 
in which, and there are drou instances in man in 
which, the nervous tissue does not exist evidently 
in the way I have described, and still there is 
a nervous force; so that it appears that nervous 
force can exist without the nervous elements. Theid 
are conditions, especially in monsters, whare the spinal 
cord, instead of being organised, is a fluid In which ele- 
ments resembling those of the nervous system are not 
recognized, and still there is nervous action, and there- 
fore, nervous force. In some low forms there are also 
tissues which do not represent at all the known elements 
of the nervous system, but in which, nevertheless, there 
1s nervous action, aud therefore nervous force. A pro- 
fessional friend in Paris has shown that there are cer* 
taiu instances of disease in man in which the nervous 
system is so transformed that it is hardly recognizable, 
and yet there is every probability that it acted, and that 
nervous force was manifested. 

But tbe great question is not there. The great ques- 
tion is whether the boundaries of the nervous sv stem are 
also the boundaries in health of that uei vous force. In 
other words, can the nervous force spriug out of tbe 
nervous system to produce some action f As regards 
this, I may say that there are no facts ro prove it. Tou 
oar. easily understand that if I am right, this is a death- 
blow to what is called animal magnetism. But this is a 
point that we will debate more at length by aud by. 
All I wish to say m this introductory lecture 
on this point la that there is no like- 
lihood at all that nervous force oan get 
away from the limits which are con- 
stituted by nervous tissue. There is no question, how- 
ever, toat nervous force oan mamrest itself outside of 
the boundaries of the nervous system ; but it manifests 
Itself often after having been transformed into another 
force. It is well known that nervous foroe is trans- 
formed into motor force. This I ami doing at present. 
It Is owing to motor foroe that I have any volee at 
present. This transformation into motor foroa takes 
place at every moment of our lives. Other transform** 
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ttona are also of great Interest. Ton well know that there 
are flsbes that possess an electric apparatus. In them 
tbo nerves which go to the electric apparatus are enor- 
mous. And those nerves convey nervous force, and not 
electricity. As soon as the nervous force is felt in that 
electric apparatus, electricity is evolved. Electricity is 
a transformation in that case of nervous force, just as 
we know that heat can be transformed into electricity 
or electricity Into heat, beat into motion, and motion 
Into heat, <fcc. There are animals which are phosphores- 
cent, and which are so under an act of their wills, so far 
as we can Judge, and under the influence of the 
nervous system; so thnt light also can be 
evolved as a transformation of nervous force. 
There are cases of consumption in which 
light has come from the lungs. Tbo fact has been 
pointed out by Sir Henry Maish and other physicians. 
The light appears not only at the head of the patient, 
bat it may be radiated into the room. It has been con- 
sidered that the light was only a peculiar effect of tbe 
xnneus that came from the lungs of the patient. Ic Is 
not likely that tola is the case, because mucus in greater 
quantity is evolved, and all sorts of mucus, from the 
chests of people, every day, without any such phenome- 
non. I have read the history of eaoh individual case of 
the kind so far as I have been able to get it, and tn every 
one of tbe cases the patients, I And, were in a terrible 
state of nervousness, so that I cannot but believe that 
the production of light was. In a measure at least, owing 
to the transformation of nervous force. 

HEAT, ELBCTKICITT, AND VKRVOU8 FORCE. 

There are great transformations also of another kind. 
Ton well know that nutrition, which implies chemical 
change in oar system, as well as secretion, which also 
requires chemical change, may take place under the 
influence of the nervous system. I shall show tbis more 
folly In a subsequent lecture. When this transformation 
occurs, it is quite evident that It is tbe nervous force 
that has been transformed into a chemical agont. 

Is nervous force ever transformed into beat f There 
Is no doubt whatever that heat is evolved from our sys- 
tem, and in a great measure owing to the action of nerv- 
ous force; but the question Is whether that tran forma- 
tion is an immediate one or whether it goes through 
other transformation*. This is a point which it would 
be very intcrostlug to determiue, bat which at the 
present state of our knowledge is not yet naoertnlncd. 

Mow that we have passed in review all those facts 
showing that nervous force can be transformed into tbe 
other forces of nature that we know, almost all of them, 
tbe question arises, " Can all the forces of nature be 
transformed into nervous force !" This Is one or the 
greatest questions that we could undertake to consider. 
Unfortunately , # the elements we have for solving it are 
as yet very few. We do not know positively yet— at any 
rate I do not know, and I have read considerably to find 
If the question is solved— we do not know positively 
yet whether eleotiiclty can lie transformed 
Into nervous force. Ton can easily understand 
that If it were possible to have such a transformation, a 
great many weak people would receive manifest advau- 
tr 70 in be lug galvanized. Therefore the question 1* of 
great importance. There is no doubt at all, for this 
has been established by a good many experimenter*, 
that the elements of the nervous system benatli in their 
nutrition under the influence of electricity and galvan- 
ism; but a direct transformation of electricity into 
nervous force is not yet proved. 

As regards light, very little is known. You well know 
that nervous disturbance will come from the actiou of 



light. There is no doubt whatever about ft. Light Is 
certainly a very powerful agent and a most useful one. 
Indeed, it is rather too much forgotten that light is 
almost essential to life; but we do not know if there la 
any direct transformation of light into nervous force. 
It seems to be so in the retina ; but I cannot employ any 
other phrase than the phrase ** it seems to be." It would 
not appear to be difficult to solve the question by experi- 
ment, and a solution would be of considerable Import- 
ance. 

There are other forces which certainly are transformed 
into nervous force. There la no douot as regards mo- 
tion. Motion inoreases nervous force In tbe limb 
without the least doubt. What the French oall mastage, 
which is shampooing, pounding or kneading of the flesh, 
increases nervous force without doubt. But there Is 
still some little doubt whether it is not through an im- 
provement of nutrition, through a ohemloal change, that 
the influence takes place. 

There are other forces, beat, for instance, whioh per- 
haps are transformed into nervous force. Tbe applica- 
tion of heat to children is exceedingly useful to help 
their development. If the air they breathe is cool, and 
beat is applied to their limbs, bat not so mnch to the 
body, they certainly grow faster. There is no question 
that in northern dimes, children who are not well clad, 
and are not well oared for in regard to tuo heat sur- 
rounding their body, do not grow so well 
as children who are submitted to the influ- 
ence of heat. There la one thing whioh in 
this country especially is most hurtful and dangerous, 
and that Is heat applied to the lungs. It is perfectly 
well known that the mortality of children iu tbis coun- 
try Is enormous in the Summer months, and that chiefly 
through the influence of heat on the lungs and on the 
belly. Digestion and respiration are disturbed, and 
death comes, as you know, too frequently. More care 
could easily be attained in that rospact, and it may be 
that I shall have a chance to speak of it in one of the 
last lectures of this course. 

A DEAD OX KEPT FIFTY-SIX DATS WITHOUT FUTBB* 

FACTIOH. 

Borne physiologists have considered that nerve force 
Is nothing but that which many physiologists admit 
under the name of vital force. The theory which is 
most important in this respect has been put forward by 
M. Flourens. He considers that a spot in tbe medulla 
oblongata is the focus of vital force. Tuere is, you 
kuow, a spot which Is pierced by the matadors in Spain 
when they wish to kill a bull immediately. Death 00- 
curs instantly. This kind of death is a very interesting 
one. When we perform the experiment in the labora- 
tory we And that tbe animal 1.4 so instantaneously and 
so effjciually killed that there is no struggle whatever. 
The animal lies tbere, apparently having lost 
every vital power, and It is oertalniv a great question 
to know what becomes of the nervous force In those 
cases. It seems to have been lost altogether. I say It 
$cem$, for if we examine a little further we And that it 
Is only dormant. It la accumulated in certain parts of 
the body in immense quantity. The nervous centers have 
lost it almost altogether, but the nerves are quite rich in 
nerve force, so much so that I have kept one of those 
animals for nearly 66 days in my laboratory without any 
trace of putrefaction, at a temperature which varied be- 
tween 46 and 66°. The lack of putrefaction dependod 
certainly on the long persistence of nerve force after 
death. There is in these oases a groat mystery however. 
This nerve force we can detect very easily. If we 
galvanize a limb we find that there is a nerve force 
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thero, and that for a long time after death. But bow 
is It that suddenly It disappears from the nervous 
©enters, so much so that respiration, circulation, and all 
voluntary and involuntary movements oeaso I To 
answer this question would require no little study and 
investigation, and the person making; It would have 
muoh to find that would be Interesting. We find, how- 
ever, in mutiny these experiments that we can take 
away the part which has been considered as the focus 
of life, by employing; certain simple precautions, 
without destroying 1 life. At the College of 
Surgeons iu London, in one of my lectures there, I bad 
tried to show that death in the oases referred to Is im- 
mediate. I had an auimal— a guinea pig— on which the 
experiment was to be performed. In making the 
experiment my knife slipped and wont all around the 
part, carrying away more than I had intended. The pig 
survived three or four days until my*boy, trying to make 
the pig squeal, drowned it, [Laughter.] The vital focus, 
so called, does not deserve the name; for there are many 
cases In which it has been destroyed, and life persists. 
Therefore, we cannot look upon it as being a center for 
vital force or nervous force* 

This leads me to examine now the question, What are 
the places of production of nervous force f Those places 
of production, I may say, are as extensive as the 
nervous system. For a long time physiologists had con- 
sidered that the ceils were the only parts that produced 
nerve force. But I havo ascertained and proved, and I 
think most physiologists now admit, that nerve fibers 
can also produce nerve force. In experiments consist- 
ing in Injecting bljod into a limb which' has been 
separated from the body Tor a long time, I 
have ascertained the nervous force which 
had disappeared has been reproduced. Bo that 
it is dear that nerve fibers can engender nerve force. If 
we separate a nervous center from the nerves we find 
tliat in four days the nerve has lost Its power 
altogether. U seems, therefore, that something came 
from the nervous oonter which was useful in the produc- 
tion of forces there. But It Is clear, too, that there are 
other forces reproduced in the part. If we allow the 
part to receive more blood the injection will reproduce 
nervous force again. I have kept a nerve alive apart 
from the body for 40 hours by injecting blood in lc. 
The nerve force, even in the brain, can be relnvlgorated 
when the brain has lost all power and is separated from 
the body. Au mjeotlon of blood reproduces nerve 
force again and all the activity of the brain 
when In the animal is found to be manifested. In one 
ease, that of a patient of mine who had had a dissection 
of a nerve, the nerve continued to act spontaneously for 
four days, and the muscles to which that nerve 
went were in contraction for the same length of time, 
owing to the persistence of life and action in that nerve 
separated from the brain. After four days the trans- 
formation which we know can take place in the nerve 
tissue had destroyed nervous aorivlty, and the muscles 
then remained quiescent, completely deprived of action. 

There is an organ In the body whose functions have 
been very much discussed. That organ Is the cerebel- 
lum. In mau it is a very large organ Indeed. I shall 
not discuss its functions here, but I will say that there 
is no doubt that the cerebellum is one of the principal 
foci, one of the principal places where nervous 
force It produced. In many animals the principal place 
la the spinal marrow. But in man the cerebellum is 
the great focus of the production of nervous force. 

FOWBB OF OXTOBH, 8TBTOHHIKE, AND THE WILL. 

What now Is tho agent of production of norvous force 



in our blood 1 It is clear that blood itself must be neeo9- 
sary to the production of nerve force. Still for a time 
the oxygen alone which Is carried by the blood may 
suffice. Oxygen, even when the blood seems to have 
been taken away altogether from the part, can give noma 
nerve force to the nervous system ; but there 
Is a medicinal agent which has immense 
power In producing nervous results. When the 
spinal cord of a frog has been washed of every 
drop of blood, when Injections have been made of pure 
water so as to carry away every particle of blood, if 
strychnia is put on the spinal chord. In a very short time 
the amonnt of " reflex power," which is a manifestation 
of nerve force, Is very much greater than It was before , 
showing that strychnia has increased that power. This 
is the only fact we know, which clearly proves that a 
medicine, putting aside oxygen, oan have such a power, 
and a power, Indeed, which is very great. 

What is the power of our will on the nerve force t This 
is a quest iou which a great many patients every day ask 
themselves. There is no doubt that nerve force la 
very little under our will. . It may be an admirable 
provision of nature. It may bo that we would 
spend it very foolishly, as we do spend many other 
things. Still there are many circumstances when the 
deficiency of will power is really painful, ana In 
patients in whom the amount of nerve force Is immense. 
I have tried to measure the amount of nerve force in 
a frog. I have ascertained that a frog oould lift a 
weight of 90 grammes to a point whioh was about a line' 
and a quarter, 600 or 700 times In an hour and a quarter. 
This Is an immense amount of nervous force, and man- 
ifested, too, when the spinal cord was no more re- 
ceiving blood, when there was no more cir- 
culation. In this case the frog was beheaded. 
Compare this with the case of a frog 
having its head. The frog with a head, after 
a very short time, could not move at all willfully ; while 
still the reflex action, as we call it, an irritation or the 
skin, determined a strong movement. There may be, 
therefore, in certain circumstances, an lmiueuse amouut 
of nerve force accumulated in the system. I would not 
say that there is no more production Immediately after 
the cessation of circulation. I bad not washed the ves- 
sels. There was blood left there ; still there was no* 
mnch of It, and it was not charged with oxygeu after a 
time. 

There Is an Immense difference as regards the amount 
of nervous force that remains in the sysrom after death 
according to many ciroumstaucet*, and especially ac- 
cording to temperature. If we have considerably 
diminished the temperature of animals having a great 
heat, such as we have, and we then kill them by 
means that will not bring on convulsions and an ex- 
penditure of force, we find that tho amount of force that 
remains is considerable, and that it will remain there a 
very long time. In cold-blooded animals, when the tem- 
perature is very near freezing point, the amount of 
nerve force that remains in them for a very long time is 
also Immense, while at a high tomperature the trans- 
rormatiou of nerve force Into chemical force is very 
rapid, and then the expenditure of nerve force is total 
after a time, which is not Ion?. 

The principal question I have to examine in tbla lec- 
ture, however, is the one I shall now spealt of ; namely, 
Is there nnltv of force or only one nerve force, or are 
there many in our system f 

I have for a long time tried to prove that there Is 
unity of nerve force. If we spend force, either In the 
way I am now doing, by mental more than by physical 
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labor; if wo spend force with the pen In hand, when we 
ire studying quietly at a table, we find, after having 
toon at work three or four or five hoars, that the nerve 
force that remains for physical exercise is 
diminished. We bare drawn force from a focus 
which Is the same that gives it for mental 
action ana for physical exertion. If, on 

the other hand, we walk 90 miles and find ourselves 
physically tired, we find then that very little nerve force 
remains for incutal aotiou. There are fact*, however, 
which seein to be in opposition to this, and those facts 
will be fully explained in tbe last lectur?, when I oome 
to explain the laws of production and expenditure of 
nervous force. I may soy rhls much, however, last here, 
that it is perfectly well known, contrary to what I have 
said, that we can do better with our brain if 
we have had some exercise than if we 
have bad no exercise at all. But it is 
simply that a certain amount of exercise 
has led to the production of nervous force by improving 
the circulation, Improving tbe secretions, improving 
respiration, and Improving In fact all the great organic 
functions through which the secretion of nervous force 
takes place, so that we have become richer in our force 
because of tbe exercise we have taken physically. There 
Is no doubt, therefore, that moderate exercise will lead 
to a production of nerve force and facilitate the exercise 
of our bram power; and there is no question that if 
we draw too much of the nerve force of our system, if 
we draw a great deal more of it than can be re- 
produced during a* certain time; if we walk, 
for instanrv, very fast for five or six hours, 
we are then unfitted for mental work 
and for a good many other things. Our respiration be- 
comes difficult. Our heart, after having beaten with 
much rapidity, comes to beat very slowly. We are 
weakened in every oriran whose action depends on net- 
tous force. There U no doubt therefore that there is a 
commou focus of nerve force on which we draw for any 
ot the activities of our system employing nerve force. 
Looking through a microscope for several hours, as ml- 
crograpbers know full well, Is a cause or great fatigue, 
and reuders mental work or physical labor thereaf- 
ter more difficult. 

TUB UNITY OF NERVOUS TOROB. 

Then is one experiment that shows that nerve force 
Is distributed as galvanism would be on a cylinder. 
Suppose a cylinder in the shape of my arm ; suppose 
that this Is churged with a certain amount of elec- 
tricity, aud suppose that this arm or cylinder is then • 
cut in two Just in the middle of its length ; there would 
be in eacn half of the arm then an amount of elec- 
tricity which would be Just one-balf of the amount 
that exited before. Hup pose that the whole 
arm had manifested a force equal to tweuty measures, 
the half of the arm would maul feat a force equal to ten. 
Bo it seems to be with tbe nervons system. If we di- 
vide the cord across, as In a bird, behind the upper limbs, 
we find that the bird canoot make use of its limbs 
as before. The amount of force is not sufficient in the 
upper part of tbe nervous system. 8o 1c seems that 
nervous rorce is distributed all over the nervous system, 
and that if a cause operates to divide tbe nervous sys- 
tem into halves, each half has only the amount of nerve 
force which it hud before. 

There is one objection In appearance to tl»2 view that 
there is uulty of nerve force, and that is tbat the brain 
ts a double organ ; that we have two brains instead of 
one. About that allow me to say tbat although we have 
two brains it Is pretty much as If we had but one, as by 



the force of our education one only Is raised to power 
The other is left with very little power indeed. It would 
be very easy, as I may hereafter show, to develop folly 
the power of the two brains by proper education. But 
if we have two brains there is no objection to tbe view 
that there is a unity for the nervous force. It is no ob- 
leotion because these two brains are united. 
There is communication. Every part or our 
nervous system is In communication with the 
other. We cannot touch a part of the skin 
or any other part of our system without producing a 
commotion all oyer the nervous system ; in tbe same 
way that we cannot stamp our foot on tbe ground with- 
out shaking the whole world, and not only our world 
but the rest of the universe is shakes by such a simple 
thing as that. Of course, a very little shaken [laughter |, 
but shaken nevertheless. Tbere Is no doubt that any 
action on any part of our system is felt everywhere 
through it. And that is tho reason why many persons 
suffering in their nervous system oannot have an excita- 
tion brought on any part of the body, as It increases the 
trouble where It exists. 

A few questions remain to be examined before "closing 
the lecture. One is, how happens It that there are so 
many differences in sensation if there be but one kind 
of nerve force. This is not a great difficulty. Tbe va- 
riety of sensations has an organlo cause, oi which I may 
bave an opportunity to speak In another lecture. The 
nerve force Is only an agent, most likely the vibration of 
a certain agent, and the vibration according to the loca- 
tion will produce one effect or another. The parts of 
the nervous system are not all alike; they certainly dif- 
fer one from another, and tbe vibrations may be greater 
or less, so that we can easily be reconciled to the va- 
riety of sensation, although we admit but one kind of 
nerve power. 

There is another question. That certain fibers seem to 
act on muscles, and others seem to restrain the nervous 
action. This is a point of such great importance that I 
shall give a whole lecture to tbat subject. When cells 
are active, either morbidly or naturally, an irritation 
coming from a nerve and acting certainly through nerve 
forces may be sufficient to stop the power of that nerve 
cell. That seems to be an act completely different from 
that by which a muscle, for instance, is put in action by 
the vibrations taking pluoa; the transformations of 
nerve force taking place In the nerve, and also all 
tbe other actions that I spoke of— the emission of light 
and electricity. All these things may seem to imply 
some different action. But if you admit the groat doc- 
trine which exists now in science, and which has revo- 
lutionised natural philosophy as well as chemistry; if 
you admit that there is never a loss of force; that foroe 
is accumulated and that it is only transformed when it 
disappears, then you oan easily admit that nerve foroe 
has been transformed in those various organs into 
some other force ami that there lies the 
cause of the different actions ot which I 
have spoken. But the difficulty exists, how- 
ever, for tbat special case in which an action oeases in 
the cell. Suppose a person to have an attack of epilepsy. 
His head is thrown to one shoulder and he has not yet 
lost consciousness, and some one comes nnd draws the 
head to the other shoulder and the fit ceases. Well, 
there has been in that case an irritation starting from 
certain nerves when tho head was moved, and this irri- 
tation goes to the cells of tbe gray matter tbat were 
active in producing the convulsions nnd stops the 
action of those cells. But the stopping of the action of 
cells is something different from the production of ae» 
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turn. Theiefore it may vem quite different Bat we may 
admit, however,— and It would be most important 
indeed for chemists to make researches iu that respects 
we may admit that a chemical change is the result of 
that transformation ; that, the nerve force is transformed 
into a chemical force, and that chemical changes occur 
in the cell, very rapidly and in great quantity, lust 
•nough to replace the whole amount of nerve force that 
was acting before. There fore, there is no reason a priori 
net to admit the possibility and the probability that 
serve force is the same in every instance ; that it affocts 
cells of gray matter to stop them in the same way that 
it can put cells into activity; in the same way that It 
ean put muscles into activity, and that it can put an 
organ nto activity. 



NERVOUS INFLUENCE— Second Lecture. 

0OMB OF THE FACTS THAT ARE DIFFICULT TO EX- 
PLAIN— A NEGRO REDUCES CONVULSIONS BY 
PULLING AT THE GREAT TOE— MORE PERSISTENT 
VITALITY IN AMERICA THAN IN EUROPE, BOTH 
IN MEN AND ANIMALS— VARIOUS RELATIONS BE- 
TWEEN THE NERVOUS SYSTEM AND THE ACTION 
OF THE HEART— METHODS OF CHECKING CON- 
VULSIVE EFFORTS, SUCH AS COUGHING, AC. 

Boston, March 1.— Dr. Brown-Se*quard delivered 
his second lecture to a large audience : 

Ladies am> Gentlemen : In the last lecture I tried 
to show several points relating to the force which we 
know to exist in nerves. I particularly insisted on what 
I call the unity of force in the nervous system. I espe- 
cially tried to show that every nervous action is the 
cause of an expenditure of nervous force. There are a 
few facts, however, which may be considered as consti- 
tuting an objection to that. I will mention some of them. 
Tbe principal one is, that we know full well that certain 
parts of the body may be extremely weak wlille others 
remain strong*. But that certainly is no objection, since 
If we admit that the communication is obstructed be- 
tween the part which is weakened and the rest, it is 
quite natural that there should be a diminution of force 
in that part. Besides this, there is something in the 
nervous system as well as in the muscles that permits a 
reaction after an irritation. There is a property of nerv- 
ous tissue and muscles especially which we call exoita- 
billty. The excitability of the nervous system Is entirely 
and absolutely independent of the amount of nervous 
force. Perhaps it is wrong, however, to say as 
I have )ust done, that there is no dependence 
of one upon the other. There may be a dependence in 
this way, that tbe greater the amount of nervous force, 
the less excitability there is, and vies versa, the greater 
the amount of excitability the less amount of nervous 
force. People who have been ill ; people who are nat- 
urally extremely weak, or. those who bave lost a good 
deal of blood and have been weakened in tbat way ; in 
other words, people who have very little nerve force, 
are, as is well kuown, extremely excitable. They will 
lump at a noise and in otber ways show nervousness. 
There is, therefore, something quite distinct in these 
two things— excitability and nerve force. This property 
. of excitation is notbing but the power to receive an ex- 
citation. Persons who are extremely strong, will not 
generally be moved by excitation. They will, of course, 
appreciate the excitation; they will judge what it is; 
but they will remain calm under it. While, on tbe con- 
trary* persons whose nervous system is weak, and wbo 



have little nerve force, will react imdor any excitation, 
however slight, without giving to the mind time to 
think of what the excitation it. 

I said iu my last lecture that the nervous force la 
quite different from electricity, that it is a force by itself* 
hut I must add to this statement another one. that tbe 
nervous system is more or less charged wltb electricity 
all the time in health. Tbe two forces, eleotricity an<t 
nerve power; are both present; hut not alwavs in propor* 
pion one to the other, as sometimes there may be an 
opposite condition. But oerta'nly tbe nerve force is not 
electricity, as we well know that the speed of the nerve 
force is only from 80 to 800 feet in a second, while the 
speed of electricity as you know is thousands and thou- 
sands of times greater. 

THE INFLUBHCB THAT IB BXBBTBD UPON THS NBttVBA. 

I now come to the principal object of this lecture* 
which introduces a subject that must extend to one or 
two more lectures— that is, the influence that the 
nervous system exerts npon Itself by tbe foroe that we 
call nerve foroe. There are two kinds of such influence* 
which are absolutely distinct oae from the other. One 
consists in the production of the activity, either normal 
or morbid; the other consists in the cessation of the 
morbid or normal activity. These two great influences 
of nerve force, acting upon parts at a distance more or 
less great, cover almost all the facts relating to the in- 
fluence of the nervous system npon Itself. I shall this 
evening enter more fully into the history of facts which 
show that the nervous system oan stop tbe action of a 
part of its extent. All we know ' on this subject Is of 
comparatively recent discovery, and the principal fact 
developed is that which relates to the heart. The 
brothers Webber discovered that the heart in a per- 
fectly healthy man may be stopped suddenly in its 
action in a way which is Quite different from 
that which regards muscles generally. If we 
galvanise a muscle tbat has been more or less 
in contraction by a current passing to and fro, stopping 
and passing again, so tbat the muscle is contracting and 
relaxing, as I show you now in this movemeut up and 
down exerted by the front of my arm— suppose that this 
is acting, and I pass a current into the nerves that goes to 
the muscles thus acting— immediately the movement 
stops; so that there is something similar to the 
cessation of tbe action of the heart. But tbe action 
stops, not because tbe muscles have stopped acting. On 
the contrary, the muscles are acting with a wonderful 
power, the greatest that they may bave under the 
amount of electricity that is passing; and the contraction 
remains perfectly fixed so long as the current passes. 
This is the production of an active state in the muscle, 
and not the production of a passive state. According to 
the discovery of the brothers Webber, when tbe big nerve 
in the neck tbat goes to the heart, and which we oall the 
par vagum, is thus influenced, the heart stops, passively, 
not actively, like the muscles of my arm. The walls of 
tbe heart remain perfectly flaccid, perfectly motionless 
from want of activity. During that time the heart is 
filled more and more by blood reachlug it, and it becomes 
very much distended after a short time, as it does not 
reject tbe blood it is constantly receiving. There 'is, 
therefore, in that stoppage of the heart's ac- 
tion a phenomenon quite peculiar. And it is 
a phenomenon which implies a certain kind of 
activity. For although there is a passive effect obtained, 
a passivity produced in tbe heart, there is an activity in 
the nerves that go to the heart to produce that cessation. 
There is an influence upon certain parts of tbe heart be- 
longing to the nervous system, and it is certainly an ao* 
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tfvHy although it consists In stopping a movement It 
is just as IX you were to stop the wheel of a carriage by 
pushing a wodj.-e u»der it forolbly. 

ACTION Or THE NBBVOUt BY STEM ON THB HEART. 

The great agents of the rhythmical movemeDt of the 
heart are small ganglia, composed of cells of gray mat- 
ter. They are suddenly rendered passive by the 
peculiar influence exerted upon them. Such an effect 
hue been observed, first, by the galvanization or the 
nerve of the neck that I spoke of ; and it was afterward 
found to appear when the medulla oblongata, or center 
from which tbat nerve starts* was galvanized. In ex- 
psriments made by a French physiologist— Legallols — It 
was found that tbe crashing of tbe medulla oblongata 
produced an arrest of tbe heart. But he did not dis- 
criminate between that kind of cessation aod death. 
He thought that death was oatfsed b/ this crushing of 
the metfmia oblongata, and that th« heart had ceased 
because it had lost the source of Its nctloo. When I 
took up the question I found that a elmrric pricking of 
the medulla oblongata could produce a a arrest of the 
heart's action. My friend. Prof. Charles Bouget, who 
took np the question of the mechanism of the phenomena 
by which an organ is arrested in its activity, considered 
that what takes place in the heart Is similar to other 
phenomena which he noted at tbe time he published 
his paper. He established this law : tbat all such 
phenomena— which I shall call the phenomena of arrest, 
though in English they are generally called Inhibitory 
phenomena— occurred always through the same 
mechanism. An irritation starts from a pare which can 
convey nervous force, aod tbe nervous force so con- 
veyed after that irritation, reaches the cells of gray 
matter which were active, and those cells* of gray mat- 
ter are immediately stopped by that peculiar influence. 

For another illustration of this uieonanlsra we are in- 
debted to the observation of a very intelligent negro, 
whose master was affected with a dinease of the spiual 
cord which produced convulsions in the lower limbs. 
The most intense stiffness would manifest itself in the 
lower limbs. They were rigid like a bar of iron for a 
time; and after ten minutes of this extreme rigidity 
they began to have violent Jerks. The jerks then disap- 
peared aud the rigidity returned. All day long the lower 
limbs were in this state of muscular con fraction. His 
servant, the negro, having to dress him, round it very 
difficult to put on his pantaloons. One day, he by chance 
took hold of bis big toe, and found as he pulled it that 
the limbs became perfectly soft and movable. 
The convulsions had disappeared altogether. The 
negro certainly had a natural genius for aoienoe. (Laugh- 
ter.] He learned the meaning . of tbe fact. He loarned 
that whenever he wanted to push his master's panta- 
loons up, be had ouly to pull his big toe down. (Laugh- 
ter and applause.] He succeeded every time. And as 
the master found the cessation of the convulsions useful 
at other times besides when he was dressiug, tbe negro 
was asked very frequently to act on the big toe in order 
to effect it. [Luugbter.] Tois fact is not a unique one. 
I have seen 14 such cases. Many or my medical friends 
have seen them also. In fact it seems somewhat a rule 
in caees where there is a certain disease of the spinal 
cord limited to a certain port, tbat this will be found. 
In this oaso you And exactly the same thing that exists 
in tlie heart when the par vagum is galvanized. In both 
instances there is a nerve tbat conveys irritation to the 
ceils. In the case of the heart the nerve goes to the cells 
tbat are in tbe heart. In the case of the big toe, the 
nerve goes to the cells that were in a morbid state pro- 
ducing those convulsions. In the one cape, that of the 



heart, the phenomena of movement were nominal ; In 
tbe other, the phenomena were morbid. Still, It was the 
same mechanism in both. In both instances a cessation 
of activity was produced. 

PRESSURE OH THB NECK TO CHECK THE HEART'S ACTIO*. 

A friend of mine, Dr. Waller, a most Intelligent man, 
a man of *enius— although be was not a negro— found 
that by pressing on tbe neok he could produce the most 
interestln g physiological phenomena. He has succeeded 
In that way in auring headaches, neuralgia of the face, 
and many other affections in which there was pain or 
great congestion tt the head. An attack of epilepsy 
may be stopped in ttot way. Many physioians before 
him had produced some of those results, but they all 
thought it was from a pressure of the carotid artery. 
Dr. Waller has the merit of showing that it is chiefly— 
he thought it was only, but I have found that it is chiefly, 
not only— through an irritation of tbat nerve, the par 
vagum, that the motion or tbe heart 1* arrested in those 
oases, and that a diminution of the healing of the heart 
was followed by an amelioration in the circulation in 
the head, a cessation of an attack of epilepsy and of 
various other complaints. It was something, therefore, 
quite different from the mere pressure on the oarotid 
artery. Taese views were not absolutely complete, as I 
have found that another nerve which goes to the blood 
vessels of the brain is also irritated by tbe process ; 
and that the pressure exerted in the neck produces three 
effects : (I) It certainly diminishes the current in tbe 
carotid artery, and indeed stops that current altogether 
If the pressure Is considerable ; (2) it diminishes the cir- 
culation considerably, and may iniuce a profound state 
of syncope by noting on the par vagum; and (3) it also 
acts on the oervioal sympathetic, and produces a con- 
traction of tbe blood vessels in the head, by means of 
which a part of the good effect is obtained. * 

There are perhaps no parts of the nervous system 
which cannot uoder irritation have »n influence on 
tbe heart to stop it. Even irritation of the nervous 
fibres of the brain may produce a cessation of the ac- 
tivity of the heart. Physicians lo this room know per- 
fectly woll that sometimes a patient stricken down with 
apoplexy may have a great reduction in the action of 
tbe heart, and sometimes, syncope may take place, re- 
sulting iu death. In the spiual cord it is so also. There 
are indeed parts that oan not be pricked by the finest 
needle without some influence on the heart. Legallois, 
the French physiologist, of whom I have already spoken 
thought that all of the spinal cord was a oenter for the 
movements of the heart, and be had made experiments 
which seeined certainly to show that that was the case. 
He had passed a swill bar of iron along a part of the* 
spinal cord, and bad found that that stopped tho heart's 
action. But he made a mistake in considering that it 
was because he had destroyed the nerve ceuter of the 
heart. 

GREATER VITALITY IN AMERICA THAN IN EUROPE. 

This experiment was the occasion, as perhaps some of 
you already know, of my find! ug that animals In this 
country can bear an injury far mare easily tnan the- 
same animals in Europe. I have ascertained that it 1* 
so for man also. And this is why so many medical* 
writers in Europe consider that raots of this kind pub- 
lished here are mere inventions. There is a distrust 
among European physicians in the honesty and up- 
rightness of American physicians, because the former 
cannot understand how man in this country oan sur- 
vive terrible injuries which would be fatal to him in 
Europe. I would not say that the truth is absolutely 
respected in this country or anywhere else, but still 
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there 1b do doubt that, the facts which hare been men- 
tioned are perfectly true. Experimenting on a rabbit 
before a class In the University of New-fork, I had 
announced to them that pushing the Instrument as I 
was about to do, along the cord, would be quite enough 
to kill the animal immediately. Fortunately for me, I 
had said that death was due to the hemorrhage ac- 
companying the Instrument, and not to the lack of 
the iufluence of the spinal cord. After pushing the in- 
strument in for some distance, I found the rabbit 
which had been operated upon, eating a carrot [laugh- 
ter]. The class laughed more than you do now, and 
not at the rabbit but at me. [Laughter.] I could not 
understand at first what it was due to, and I then 
pushed the bar of iron its full length, or nearly one- 
half the extent of the spinal cord, but the' rabbit con- 
tinued to eat its carrot. Fortunately for me and for 
science, I found that there was no hemorrhage at all. 
I then took up the rabbit by its ears and showed that 
there was no bleeding, and explained in that way the 
persistence of life. What I bad said, therefore, was 
verified by the fact that in Europe death takes place 
by hemorrhage. This tendency to hemorrhage in Eu- 
ropean animals is one of the differences between the 
animals of the two countries, and there are other im- 
portant differences. 

The heart oan be stopped by a blow on the belly. Long 
ago Dr. Hunter had determined this. The fact was 
known before' h J m, but he insisted on it. But the ex- 
planation was not what he thought. Bnt it takes science 
a long while to move ; progress is had slo *ly ; ana in 
this case it was a long time before the facts were gener- 
ally received and a true explanation reached. Goltz, a 
physiologist in Germany, has made experiments on a 
. frog, consisting in giving a blow of the finger on the 

• eblly ; he has repeated the experiment which had been 
made so many times on man. Only since his time has it 

i been known that the sympathetic nerve there has the 

• power of stopping the heart's action. I had published 
different researches showing bow it is that in peritonitis, 
whioh is an Inflammation of the thin membrane in the ab- 
domen, death occurs from lack of action iu the heart. It 
.Is owing to an irritation of the ramifications of the svm- 
i pathetic nerve in the abdomen, that the heart's action 
< stops. This is very important to kuow. as if we possess 
'the means— and we do posses* tbeui— of diminishing the 

• Irritation that takes place in those oases in the abdomen, 
*we may pave the life of the put lent. It is well known 
i that the menus wuieh frequently save In peritonitis' 

that is, the use of opium, diminishes the excitability, 
and m tuat way prevents the influence on the heart. 
That influence poes up from the abdomen to the spinal 
cord, aud rises there to the medulla oblongata, and 
then descends from the medulla oblongata by the par 

• vagum to the heart. 

A great many facts which you may observe at water- 
cure establishments, show the influence that cold pos- 
sesses, by acting on the skin, in diminishing the action 

• of the heart. There are a great many persons who are 
said to have no reaction after having beeu submitted to 
a cold douche or shower, and there are many who are in 
danger of dying fiom this treatment. Indeed, the per- 
son I know most intimately Is absolutely unable to re- 
ceive a douche of water without being in danger of 

• dying from a cessation of the heart's action. In experi- 
ments made by two friends of mine, I>r. Dlckluson and 
Dr. Bence Jones, they pushed so far the influence of 
ooJd water on the sklu that they had actually had an 
arrest of the heart's action. It shows, therefore, that 
there la danger in the douche or shower-bath, and that 



persons who have not the proper reaction ought not to 
oontloue to expose themselves to such a cause. 

There tire manv other causes that may stop the heart's 
action. It is perfectly well known that emotion oan do 
it. In all such cases it is by pretty much the same 
mechanism. Chloroform kills m that way. One or two 
breathings of chloroform may be sufficient, by the in- 
fluence exerted on the ramification of the par vagum In 
the lungs, the irritation going up to the medulla oblongata 
and theu down to the heart and arresting lis notion. 
This is only to be feared, however, in persona whose 
nervous system Is very excitable. 

In the larynx we also find what an effect may be pro- 
duced on the action of the heart. I have ascertained 
that by putting carbonic acid in the larynxes of animal*, 
toe heart's action may be stopped immediately. Still I 
am bold enough in many instances to push carbonic acid 
with great violence toward the larynx, when it acta at 
the same time on the mucous membrane of the mouth, 
and loses somethlug of its bad effect which consists In 
the arrest of the heart. 

DANGEROUS METIIODS OF CURING HBABACHB8. 

In one instauce I found that a mode of curing head* 
aches which is now employed may be liable to fatal re- 
sults. A friend of mine had a very bad headache. I 
thought that if I could galvanize the cervical aympa* 
thetis in the neck, which goes to the blood-vessels of the 
head, I should produce a cessation of the pain almost at 
ouce. I succeeded admirably, but I almost succeeded in 
killing my friend. The heart's action stopped, and he 
was in great danger of death from a galvanization of the 
par vagum which had taken place at the same time I was 
galvanising the sympathetic. Sinoe that, I have been 
more prudent, and have not repeated the experiment. 
Many physicians, however, galvanize the sympathetic. 
They do it, it is true, iu a way which is different from 
the one I employed; they apply the currents wirh more 
care. Still, I cannot but confess that there is danger in 
the process. 

I pass now to what relates to the arrest of respiration. 
There is no doubt that the respiratory movements are 
all due to an activity of cells of gray matter, Just as the 
movements of the heart are; the cells of gray matter, 
as regards respiration, being placed on the base of the 
br*in and In a part of the spinal cord. The name nerve, 
the par vagum, whioh goes to the heart, has a set of 
fibers which, instead of going down, go upward, and to- 
ward those cells or gray mutter In the base of the brain 
and spinal cord. 80 that if you divide the par vagum, 
having one hand by which you oan act on the heart and 
another by which you can act on the brain, you oan at 
will, at one movement, stop tho heart's action, and in 
another stop the respiratory movements. The stopping 
of the respiratory movement is very peculiar. I have 
uufortuoately no time to enter into details about it. 
But there are two kinds of nerve fibers able to stop the 
respiratory movements. There is one kind, according 
to Rosenthal, going to the larynx, acting by the nerve 
which is called the superior laryngeal. This stops res- 
piratlou by the oessatiou of the diaphragm, which is the 
muscle that dilates the chest. This is rendered soft and 
inactive first, as the neart Is rendered soft and inactive 
by the galvanization of the nerve. The other part of 
the par vagum stops respiration by another mechanism 
quite different, which I shall not stop to describe. 

But respiration can be stopped by a great many other 
means which are important to be known. It is import- 
ant to know, for instance, that by passing a current of 
carbonic acid through the larynx, we can diminish the 
activity of the respiratory movements almost at once. 
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I bare seen convulsion! stopped immediately by the 
passage of carbonic acid In tbat way, and tbe respira- 
tory movements themselves may be stopped altogether 
for a lime ; and as you are sure that they will return If 
yon atop acting with the carbonic add, you have there a 
means of diminishing the influence of a morbid state of 
respiration. 

There are facts which I should have mentioned re- 
tarding tbe heart, which relate also to respiration. If 
ire take a pair of bellows and insufflate air into tbe 
mouth of an animal, we find thac tbe activity of tbe 
heart is diminished. If we do the same with a view of 
affeoting tbe respiration, we find that the animal does 
not then take tbe trouble to breathe. It seeuied to the 
physiologist that first made the experiment that, as be 
was giving the animals all the air they needed, they 
wonld be perfectly stupid to take the trouble to breathe. 
[Laughter.] Tbe reality is that they do not think at nil 
about it. I may say tbat they have no power of think- 
ing, aa in many cases the activity of tbe mind is lost for 
tbe time. But even if tbe mind remains, there in a ces- 
sation of tbe activity of the cells that serve respiration 
by the Irritation of nerve-fibers in the bronchia. 
t have ascertained for instance that if you divide the 
par vagum in tbe neck so tbat the communication be 
tveen the bronchia and the brain no longer exists, if 
you insufflate carbonic acid into the lungs there is no 
more stoppage of the activity. Therefore the stoppage 
took place through the influence that was propagated in 
the ramifications of tbe par vagum toward the brain. 
As Hering has insisted upon, there are many facts wblch 
show that the very effort of breathing brings with it a 
cause that stops breathing. Tbe very fact of drawing 
In air is a cause wblch stops the action of drawing In 
air. He has gone a little farther than I should go In 
saying that tbe expulsion of air from the lungs is also a 
cause of stoppage of expiration. It seems in reality as 
If these three movements, tbe movements of tbe heart, 
of Inspiration, and expiration, had associated with 
them a cause that diminished them. When that cause 
Is deficient, in morbid states, then we find the move- 
ments of tbe heart becoming exceedingly rapid, and we 
find the movements of respiration becoming exceed- 
ingly rapid and tumultuous. The regulation of those 
movements belongs to the proper action 
of those powers of arrest which exist 
there. As regards the heart, in cases 

of palpitation, for Instance, we have a simple means of 
diminishing the palpitation; it is breathing In rapidly 
and forcibly a good deal of air, dilating the chest as 
powerfully and quickly as we can. Iu that way an in- 
fluence Is developed which I nave found to be the result 
of the association of the nerve foice thac goes to tbe 
muscles of the chest and the force which descends aud 
stops the heart '8 action. At the same time thac tue cur- 
rent goes from the brain to the muscles of tbe chest to 
dilate it a current associated with tbat goes down the 
par vagum toward the heart to diminish its action. In 
health at every moment this thing takes place. It 
takes piuce in a very slight degree indeed. Every act 
of breathiugls an act which moderates the action of the 
heart. So then there Is au admirable provision of nature 
by whi-h an excessive action finds a moderation in 
something which takes place usually along with it. 

MEANS OF CHECKING COUGHING, SNEEZING, AC. 

There are many facts which show thac morbid phe- 
nomena of respiration can be also stopped by the influ- 
ence of arresft. Coughing, for instance, can be stopped 
by pressing on the nerves on the lip in the neighborhood 
of the nose. A pressure there may prevent a cough 



when it is beginning. Sneezing may be stonpM by tho 
same mechanism. Pressing also in tbe neighborhood of 
tbe ear, right in front of the ear, may stop coughing. 
It is so also of hlooough, but much less so than for sneer- 
ing or coughing. Pressing very bard on the top of the 
mouth inside is also a means of stopping coughing. And 
1 may say tbat the will has immense power there. There 
was a French soldier who used to say, whenever he en- 
tered the wards of his hospital, " The first patient who 
coughs here will be deprived of food to-day." It was 
exceedingly rare that a patient coughed then. 

There are many other affections associated with 
breathing which can be stopped by the same mechan- 
ism that stops the heart's action. In spasm of the 
glottis, which is a terrible thing in children, as you well 
know, as it sometimes causes death, and also in whoop* 
log-cough, it is possible to afford relief by throwing 
cold water on the face, or by tickling tho soles of the 
feet, which oroduces laughter and at the same time goes 
to the gray matter that is producing the spasm and 
arrests it almost at once. I would not say that these 
means are always successful. I would not say that we 
can always prevent cough by our will; but in many 
instances those things are possible, and if yon remember 
that in bronchitis and pneumonia, or any other acute 
affection of the lungs, hacking or coughing greatly in- 
creases the trouble at times, you can easily see how im- 
portant lc is for the patient to try to avoid coughing as 
best he can. 

There Is also a series of other convulsive movements 
more or less associated with breathing, and it is very 
Important in those cases to counteract the influence by 
action on certain parts. There is a form of epilepsy 
which consists almost exclusively in what Basil Hall 
has called laryngismus. He had an idea that It was 
essential to open the trachea and let tbe patient breathe 
through an opening there. But this is not at all neces- 
sary, even if it did good. Tonchiug the larynx with a 
sponge charged with a solution of nitrate of silver will 
very frequently prevent laryngismus, when it has Inst 
begun and it has very little power. But iu those oases 
of laryngeal epilepsy, in which the convulsions come 
from affdotlons caused by a spasm of tbe larynx, there 
is no doubt that this device or expedient changes the 
activity in the muscles, and that activity Is enough to 
produce a cure. 

There are a good many other phenomena of arrest. 
The most Interesting are chose relating to the brain. I 
cannot in this lecture speak of more than one of tnem, 
and that is arrest- of the cerebral activity, of thought, 
of consciousness.' It is well known that In epilepsy cer- 
ebral activity is lost. It is well-known, also, that in 
certain oases of syncope it is lost. In oases of sleep, 
also, it is lost, except of course in great dreamers, and 
then there is hardly any consciousness, and In any ease 
the condition is q*ilte different from that of wakefulness. 
There is an evidence that a theory which I advanced 
long ago to explain the loss of activity in the brain is 
only partially true. It was that a contraction or spasm 
takes place in the blood vessels of tbe brain, that blood 
does not circulate there any more, and that, as I then 
supposed, the stoppage of the circulation causes a ces- 
sation of the activity of the brain. But there is another 
cause In these oases in which there cannot be a contrac- 
tion of the blood vessels, beoause the principal nerve 
which produces these contractions has been divided; 
and even in those oases a loss of consciousness can take 
place suddenly. Pricking the base of the brain 
may cause a complete loss of consciousness In aa 
animal after a division of the nerves that go to tbe 
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baso of the brain. . Wd cannot attribute that loss of con- 
•oieusness to want of circulation, for the blood inay be 
circulation there. Bat tbere ts another face If we gal- 
vanize the j?ar vagum so as to arrest the heart's action, 
there then is no circulation at all in the brain ; and if we 
have galvanized only the part of tbe nerve which goes 
to the heart after having divided it, so that there is no 
circulation at all In the brain, the animal remains con- 
scious for eight or ten seconds. Therefore* when we 
find in some cases that certain irritation will produce a 
loss of consciousness immediately, we cannot look upon 
the loss of consciousness as being doe to tbe cessation of 
circulation In tbe brain, as tbat cessation dties not im- 
mediately cause tbe loss of consciousness. Ic cholera, 
too, the brain remains active sometimes, although 
there is no circulation in the brain, although the 
blood there is perfectly black. Ic shows that tbe brain 
may remain active wnen deprived of circulation, and 
even of oxygen. We must therefore admit that there is 
an active cause which produces the cessation of the 
activity of the brain in those cases in which it is pro- 
duced by the cessation of the nervous system. 



INDIRECT NERVE FORCE— Third Lecture. 

CAUSES OF LOSS OF CONSCIOUSNESS— NO LIFE IN 
THE HEAD AFTER DECAPITATION — ENORMOUS 
DOSES OF STRYCHNINE— SUDDEN RECOVERY FROM 
PROTRACTED LETHARGY— VIOLENT REMEDIES FOR 
HYSTERIA. 

Boston, March 5.— A large audience assembled to 
bear Dr. Brown-Sequard's thiid lecture on Nerve 
Force. He spoke as follows : 

Ladies and gentlemen : I tried in my last lecture to 
show tbat nerve power can stop a good many of the 
most Important acts that take place in our system. I 
have shown that the heart's action can be stopped sud- 
denly ; that respiration can also be stopped suddenly, 
and I shall try to show tbat our consciousness may also 
be lost suddenly by an act similar to those which arrest 
circulation and respiration. Galvanisation of a certain 
nerve in the neck, you know, stops the heart's action. 
As regards our consciousness tbere are a great many 
circumstances in which it may be lost. Those who are 
In good healcb know full well that every twenty -four 
hours they will lose consciousness for a time. Persons 
out of health may lose consciousness In a state which 
we call syncope ; they will lose it in epilepsy, apoplexy, 
and in certain forms of asphyxia. In all these oases it 
is possible to admit tbat the loss of consciousness is due 
entirely or chiefly to tbe contraction of the blood vessels 
In the brain. 

I stated in the last leoture certain facts in opposition 
to that view. I shall not repeat these; but there is 
one point of creat importance to be noted.. Tbere is 
a nerve in the neck which goes to the blood vessels of 
the brain and has the power when it is excited to pro- 
duce a contraction in those blood vessels, so that circu- 
lation is stopped in o good part of the brain. There is, 
therefore, according to the theories which we have ad- 
mitted for a long time, a cause here for the cessation of the 
activity of consciousness. But tbat cause is not the only 
one at work in tbe beginning at least of loss of conscious- 
ness, either In epilepsy or apoplexy or sleep or in the other 
states in which we lose consciousness ; because in cer- 
tain experiments I divided that nerve (the sympathetic) 
to that it oould not act normally and produce a contrac- 



tion of the blood vessels of the brain. The br.dn neoce> 
sarily, if the heart continued to beat, received tbo blood ; 
and in *omo of those experiments oot ouiy chat sympa- 
thetic nerve had been divided, so that the blood voaseln 
in the brain were gorged with blood— because when that 
nerve is divided there is more blood in tbe parts of the 
brain to which it gjes— but, on the other hand, the nerve 
of the par vagum wm also divided, and If 1 applied a 
galvanic battery to that part of the par vagum going to 
the heart, and which you know, by the last lecture, will 
produce a cessation of tbe action of tbe bean— tbere 
was. under these circumstances, a cessation of the 
action of the heart without any trouble in tho 
brain but that due to cessation of circulation. In that 
case there was a continuation of the activity of the mind 
of the animal for eight or ten seconds at least. In 
these cases tbe circulation, although improved in some 
parrs of tbe brain, ceased altogether after two or throe 
seconds, on account of the cessation of the action of the 
heart, and still there was activity of the brain. As 
noticed In my last lecture, the activity of the brain wlU 
persist in certain diseases— cholera, for instance— al- 
though there is hardly any circulation in the brain, and 
the blood is not at all charged with oxygen, bat is Cirk 
and considerably altered. 

THE PHENOMENA OF ARREST. 

But now, if, having matters iu the same way— 
tbat Is, having divided the par vagum so that I can 
irritate the base of the brain without stopping tbe heart, 
and the sympathetic has been divided so that there la 
plenty of blood in the brain— if then, with a needle, I 
give but a touch to a certain part of the base of the 
brain, tbe poor animal, in some instances, though not 
always, immediately ceases to feel and loses conscious- 
ness completely. He loses consciousness, although cir- 
culation continues and the brain is full of blood. The 
loss of consciousness, in that instance at lea*t, is not 
due to a lack of circulation in the brain. There musl 
be another cause. And tbat other cause, substantiated 
by a great many facts whioh I have not time to men 
tion, is something quite similar in nature to what takes 
place when the heart is stopped by tae galvanization of 
the nerve that goes to the cells of gray matter within 
it. It is the same thing that takes place when, oortain 
parts of the nervous system beiug irritated, respiration 
stops also. In other words, ic is one of those phenomena 
which have been called inhibitory, or phenomena of 
arrest. 

It is important to know that often very slight phe- 
nomena will act very powerfully. A partition of the 
muscles of the eye In a person with what is called 
hypnotism is often quite sufficient to change the condi- 
tion of the things in the state of the brain so as to make 
tbe person lose consciousness. In that case there is a 
condition like tbnt of sleep, with this difference, that* 
when culled, tue ^rson will act like a somuainbulist. 

It has beep a question whether tbere is life left in the 
bead separated from the body. Woll, the experiments 
tbat show rh at the Irritation of the spinal cord near 
tbe medulla oblongata will produce a loss of conscious- 
ness independently of tbe loss of blood, which is also a 
cause of loss of consciousness. These experiments show 
that the outtlng of the neck must also produce a state 
of unconsciousness. Philanthropists may thus feci as- 
sured that persons who are decapitated know nothing 
of their fate immediately after tbe blow. 

SERIOUS EFFECTS OF BLIGHT IRRITATION OF THE 2TBBVKS. 

I pass now to another kind of arrest or inhibitory in- 
fluence. This part of my tubieot ought to have received 
the full and thorough investigation which its impor- 
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tanoe demands; but unfortunately the labor of research 
has been left to myself up tofthis time. Surgeons every 
day have to deal with such oases, and It is a great pity 
tbat more workers than an old m\u like myself do not 
study tbe subject. In many instances, under a prick or 
eertain injuries of the nervous system, there is a cessa- 
tion and sometimes a complete want of that Interchange 
between tissues and blood which we call nutrition. The 
circulation, though diminished, may remain pretty 
active; but notwithstanding the persistence also of 
respiration, not so perfect a* In health, though cer- 
tainly quite enough, we might suppose, to produce a fair 
condition or the circulation. But notwithstanding the 
persistence of these two functions of circulation and 
respiration, we flud that the blood in the veins is pretty 
much like the blood in tbe arteries. Tbe change of 
color which we know to take place through nutrition, 
does not occur, and the blood returns to the heart pretty 
much as it has been sent out. It is red In the veins and 
the temperature of the body has sensibly dimin- 
ished, owing to the lack of tbe produc- 
tion of heat. The interchange between tissues 
and blood has ceased. Is this owing, as the 
other phenomena of arrest of which I have spoken, to 
the cessation of the activity of certain cells f It is a 
question yet to be decided. It is very likely that it is. We 
find these cells or gray matter acting on the various parts 
la which there is a function for the persistence of life ; 
they are pretty well scattered everywhere. My friend 
Prof. Lister of Glasgow has polntel out that almost 
everywhere, even in tbe walls of blood vessels, he has 
found cells of gray matter. We may suppose that the 
arrest of activity that takes place is due to a stoppage 
of the activity or those cells. Surgeons, as I have inti- 
mated, have very frequently to deal with conditions of 
arrest which are very serious. Under an emotion, or 
under a wound, under a physical or mental shook, a man 
may fall down, having the four kinds of arrest of which 
I have spoken. That is, an arrest or diminution 
of the heart's action; of respiration ; of consciousness, 
and arrest of that interchange between, tissues and blood 
constituting nutrition. Those kinds of arrest may and 
do co-exist generally. The degree in which they appear 
varies; but almost always In the state which we call 
collapse, those four things are tube observed. I may say 
that, strange as it may seem to the medical gentlemen 
present here this evening, one of the most dangerous 
of those is the cessation of that interchange between 
tissues and blood. Without any doubt, the cessation of 
tbe heart's action will kill after a time; but not so 
promptly as a cessation of what we call nutrition, which 
la really life. There are various facts relative to this. 

CUBIOUS EXPERIMENTS— HOW HORSES ABE QUIETED. 

According to a discovery made by Prof. Sniff of 
Florence— a discovery which has been pushed beyond 
him by many others— we can very readily produce these 
conditions. He found that it was quite enough to touch 
the nostrils, as 1 do mine, simply passing the finger 
along the sides of the nose, to stop the activity or the 
heart and respiration, and stop consciousness in a 
measure. He did not find, but left another to flud It, that 
interchange between tissues and blood is also stopped. 
It is well known now that most of those men who suc- 
ceed in quieting violent horses, put their fingers to that 
part, and sometimes inside the nares. Merely touching 
these parts may produce some f fleet ; pressing hard 
upon them has far more effect. It ia not esseoiial that 
the application be made there, as a pressure of the lip 
may produce the same thing. In some animals, rabbits 
s>od guinea pigs, if wo pass needles into their chest and 



heart, so as to Judge of respiration and circulation, we 
find that the needles stop altogether as we press the lips 
or part of tbe cheek. It is not that the poor creature it 
frightened, as when we have deprived them partly of 
their consciousness, or almost altogether, by the use of 
chloroform, the same phenomena occur. There is a very 
curious fact mentioned by Oatlin, who traveled in tbe 
We*t, and wrote two volumes on the Indians. He states 
that the calves of the buffalo, if they are caught, and 
the air from the lungs of a man Is strongly breathed 
Into their nostrils, will become so fascinated by tbat 
peoullur Influence that they will run after the horse of 
the hunter, and follow him Ave or six miles. It is said, 
and Mr. Catlln also afttrms it, that in Texas, or in other 
parts of the country where there are wild horses taken 
by tbe lasso. If the hunter succeeds in taking hold 
of their nostrils, and then forcibly expels air from his 
lunge into the nostrils of the horse, he will follow him 
anywhere, and become perfectly tame. These facts do- 
serve to be studied. I have heard tbat when Mr. Barey 
acted so powerfully on very violent horses, both in this 
country and in Europe, he bad something to do with 
their nostrils also. What he did, however, he kept in a 
great measure secret. That part of the system, at any 
rate, bas a great deal to do in diminishing the activity 
of the principal organs. It is very natural, therefore, 
that suoh a power should be acquired by one who bas 
done such a thing to an animal as intelligent as the 
horse. 

There are other facts of very great importance. Those 
person 8 who did me tbe honor to follow the lectures I 
delivered here last year know somewhat of my views in 
regard to paralysis. I will not enter at leusrth on that 
subject, but I may say that paralysis, anaesthesia, amau- 
rosis, deafness, the loss of any of our souses, the loss of 
any of tbe powers of tbe mind or body, can be produced 
by a mechanism fust similar to that which we know to 
exist when the par vagum is galvanized so as to arrest 
the heart's action. I will mention a number of facts 
which show that paralysis, which may appear suddenly, 
can also disappear suddenly ; and if it can disappear 
suddenly after the cause or irritation has ceased, it is 
clear that it was that excitation which produced it. 
Toere are many cases on record showing that the mus- 
cles, of the eye, for instance, or tbe muscles of the face can 
lose power under neuralgia, but uot a neuralgia at the 
very place where the muscle that is paralysed is found. 
Sometimes the neuralgia is on the other side. Sometimes 
th£ neuralgia ia in the arm, and it will be a muscle of 
the face that is paralyzed. But if you cure the neural- 
gia then the paralysis disappears. In the same way an 
irritation of the nerves of tbe teeth can be a cause of 
paralysis. There are Instances of the paralysis or tne 
two lower limbs, as Castle of New- York has shown, that 
were cured by the extraction of decayed teeth. 

Many other eases of irritation of a nerve can produce 
paralysis. A small worm In the bowels, producing no 
palu. may cause paralysis. If the worm is expelled the 
paralysis may disappear in an instant. A worm may 
produce, as I have seen in two cases, a complete hemi- 
plegia, or paralysis of the whole of one side of the body, 
and as soon as tbe worms were expelled the patients 
were well. Therefore what may seem a trifliug cause 
of Irritation of a nerve in any part or the system may 
produce a paralysis. In experiments on animals we 
flud this better illustrated. The posterior columns of 
tbe spinal cord are perfectly well known now. not to 
serve either for voluntary motion or for the transmis- 
sion of sensitive Impressions to the sensorla. But if we 
lay bare the splual cord and merely prick the posterior 
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column, paralysis may be produced, which may disap- 
pear suddenly after a time. 

An experiment I made lu 1854 shows also that the irri- 
tation of certain nerves can produce forms of paralysis 
which are very singular, and whioh were observed only 
when the spinal cord or the base of the brain bad been 
injured in a certain way. In those experiments the 
brain, the spinal cord, and the nerves going to the lower 
limbs were not at all interfered wlih. The nerves in 
the dorsal region that were not divided had nothing to 
do in a direct way with the lower limbs. Yet when this 
division was made there was a paralysis of voluntary 
motion in the lower limbs, a paralysis of blood vessels 
In the limb on the same aide, and a paralysis of sensi- 
bility in the \ix*o on the cj/poalte side. This stranee 
combination of effects occurred from a mere irritation 
of nerves which had nothing to do in a direct way either 
with motion or sensation, or the state of blood vessels in 
\ne lower limbs. Therefore it is quite clour that in these 
eases an Irritation starring from a nerve has gone to dis- 
tant cells of the gray matter and stopped tbeir activity. 
Thus we have something similar here again to what 
takes place when the heart's action is stopped by gal- 
vanizing the nerves that go to it. 

THE FACULTY OF SIGHT NOT 8ITUATED IN ▲ SPECIFIC 

FART OF THE BRAIN. 

As regards amaurosis, the facts are very striking. 
Amaurosis is a loss of sight. I And that in man an irri- 
tation of oue side of the brain can produce amaurosis in 
the eye on the same side ; ic can produce amaurosis in 
the eye on the opposite side ; it can produce amaurosis 
in both eyes. And it can do something more ourlous; 
it can produce a loss of power in one-half of one eye, and 
that may be the eye of the same side or the eye of the 
other; and ic may be also in two eyes. Here are six 
kinds of facts which can be produced from an injury in 
a different part or the brain. We cannot, therefore, ad- 
mit that an lujury has been in a part of the brain serv- 
ing for the functions of sight, because that would lead 
to an absurd conclusion ; because we Hud that almost 
any part of the brain can produce that power, and that 
would be to locate a nerve center of sight in every part 
of the bruin. In experiments on the medulla oblongata, 
we And also facts which cannot be explained by au in- 
Jury done to the nerve that we are irritating. 1 find 
that almost always an injury To the spinal eord or me- 
dulla oblongata may produce amaurosis in the eye on 
the same side ; an injury a little higher up in the medulla 
oblongata may produce amaurosis generally on the 
opposite side. And if we go a little more forward in a 
part called the pons varolii, then the amaurosis is 
invariably in the eye on the opposite side. All 
these facts show that an injury to the brain as well 
as an injury to the nerve anywhere in our system, can 
produce either paralysis, or anaesthesia, or loss of sight, 
by a mecnauisin quite similar to that by which nerve 
cells are arrested in the heart and thereby the heart's 
action stopped. I pass now to some facts relating to the 
same question. It Is perfectly well known that some- 
times physicians have the happiness in the course of an 
organic disease, of the brain to find that they have cured 
their patient or paralysis. It is a rare thing, but still does 
occur sometimes. In some of these cases the cure has 
been produced by simple motion : or caused by a remedy 
given at the time, which given to certain other patients 
would not affect them. Ju these cases strychnia is used 
with more effect. I will say that if homeopathy has 
any foundation at any time— though I most certainly 
believe It has now it certainly has no value in those 
oases. Strychnia must bo given, in great doses to affeot 



a paralysis. It must be given in doves that will produce 
stlffuess in the limbs, and it U at the expense of some 
fright in the family— hut no more; a fright without risk 
—that a cure id obtained in these eases. That state of 
stiffness must be persisted in for a given time. In this 
way you can understand that the view which I have not 
time to develop has sufficient grounds. 

I can understand that when paralysis has been pro- 
duced there has been an influence starting from the 
place where the disease is in the brain and acting on 
cells of gray matter in the spinal cord itself. We well 
kuow that stryohuia will inorease the power of cells in 
the spinal cord. Therefore It Is easy to understand that 
a dose of ntrychnine may inorease the power of those 
cells which had lost their force owing to the peculiar 
Influence of uerve foroe coming from the brain. Now 
tae problem for medical men 13, 1 taluk, clearly stated. 
Whut is to be looked for is not only what I have tried 
myself to do aud many of rav medical frieuds nave tried 
to do, namely, to cure the organic disease that existed 
in the br.uu, but it is also to try to break the communi- 
cation between that part and the cells of gray matter 
affected, or to try to give to these cells a now activity. 
Of other remedies having a power in that respeot equal 
to strychnia, I know but very few. 

There are a good many other facts relating to the loss 
of power of the various senses whioh I had inteuded to 
mention, but I shall only state that what rotates to 
deafness and loss of taste or or the power or olfaction is 
pretty much the same as what relates to the other parts 
I have mentioued. I oan only say that all the functions 
of the brain oan be lost for some time through a trifling 
influence. Just as through a considerable influence they 
may be Irremediably lost. If we can give new life to 
cells which are at a distance from the plaoe of disease, 
we may obtain a euro or au amelioration. There is a 
very singular affection whioh has been called aphasia. 
This is a loss of the faculty of expressing ideas by 
speech. This aphasia mav occur by attacks. Just as 
epilepsy may occur by attacks; and it iniy occur from 
irritation, lust as epilepsy does. That aphasia may dis- 
appear very suddenly. In fact, there are cases on 
record in whioh the mere cure of neuralgia has cured 
aphasia. There are oases on record m which the expel- 
ling of worms from the bowels has made the patient 
recover the faculty of speech immediately. Many re- 
markable instances I am obliged to pass without nisn- 
tioning. I saw onoe in Loudon a hysterical girl who 
had lost completely tin power of speech and conscious- 
ness almost all the time, I may say, for ton days out of 
twelve. She was not asleep ; her eyes were opau. At 
times she seemed to sleep. Sao had also a considerable 
diminution of the power of the heart aud the power ot 
breathing. She had, in fact, a great mutiy of the phe- 
nomena of a r rent which we flud to come through an 
irritation of certain parts of the spinal cord, and that 
irritation was increased whenever a pressure was mado 
on the spiue In the neck. Treating the spiue was 
apparently the mode of cure. Tae disease was, how- 
ever, cured one day suddenly. A slightly different irri- 
tation had been made, and she suJdenly recovered and 
could not understand that she hud been so ill. This is 
what we call lethargy. This condition is cert ilnly a 
type of the state ol lack of activity of ceils, through 
tue influence of irritation acting upon them and pro- 
ducing a cessation. 

CAUSES THAT PRODUCE DISORDER OF TUB NERVOUS 

BT8TEM. 

My friond, Prof. Bernard of Paris, has made experi- 
ments which are very interesting. He aho-va that ansae* 
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tike tics, ether, chloroform, Ac, act, not by altering chem- 
ically or otherwise the properties of the brain, but by 
an Irritation in certain part*. The irritation Is propa- 
gated to others and stops the activity there. In his tx- 
periments chloroform did not reach any part of the 
spinal cord ; bat the spinal cord had, however, lost a 
great deal of its power. 80 that it was clear in these 
experiments that amestheilcs acted just as gal vanlzatlon 
PC ted on the par vagum when it stops the heart. The 
irritation affects certain parts of the base of the brain 
and thus is extended to the cells all through the cerebro- 
spinal system, producing a cessation of activity. There 
is a power in us that seems to direct our movements. 
That power may be stopped by the irritation of certain 
parts. • There are three parts which, so far as I know. 
are able to stop that power. It is a thing worth trying. 
If you try to stand on one foot with your eyes closed you 
will find that very .soon you will totter. A state is pro- 
duced very much like that of drunkenness. I would not 
say that it will be so with all of you. But I saw umny 
white heads here, and I had these in my mind. It is 
very natural when a person has turned fifty that his 
power of directing movement is diminished, his power 
of balancing is diminished. When the eyes are closed it 
is very difficult to staud on one foot. That power is 
almost destroyed and sometimes completely so by an 
injury to certain parts. It is known that an lojnry to 
the cerebellum in animals destroy* that power. In men 
it la very rarely so. Injuries in men are quite different, 
usually. I found that if a mere priok of the liuest 
needle wore made on the port of the spinal cord in 
birds where the gray matter in the center of the cord 
comes to- the surface, that the prick immediately pro- 
duced a disorder of movement Animals affected this 
way go about as if they were intoxicated. Another 
part may be the cause of tins, and this is very frequent, 
nnfortunately, in this country. When the posterior 
columns of the spinal cord are diseased to a great ex- 
tent, this is also what we call looomotorataxv. In all 
these cases, as my experiments on birds, and the experi- 
ments of others on the cerebellum have showu in all 
tnose oases, there is an influence or irritation starling 
from the cerebellum or posterior columns ot the cord 
which goes toward those cells and stops their activity. 
Of course we do not know the location of those parts 
that nerve to balance our movements. 

The phenomena of arrest have been very well studied. 
It is due to a Russian physician, Sekscheuoin, who 
studied the reflex power of the spinal cord to react and 
produce a movement after cessation has come to it, 
that we know that this power is destroyed or dimin- 
ished through an influence coming from the bralu. It is 
not rare iu cases of paralysis in man that this reflex 
powei is completely lost. Iu that case an influence is 
exerted by an irritation starting from the brain, on toe 
cells of gray matter in the spinal cord, destroying their 
reflex action. This reflex power exists in a very great 
degree in the spiual cord and medulla oblongata iu 
Guinea pigs, on which I have readily produced uu at- 
tack of epilepsy by a simple process, consisting iu ap- 
pealing to the excessive excitability in these animals 
when the neck is touched. Sometimes a breath of air on 
this part is enough to produce a At. This refivx action 
of the spinal cord, however, may disappear, aud epilepsy 
be cured by cutting a portion of the skiu of the neck. A 
out of half an inch has been sufficient in a number 01 
cases. A physiologist by the name of Goltz adds to this 
theasseition that the power the sympathetic nerve 
possesses to stop the heart's action, wheu it is irritated, 
may belo**. 



CONVULSIONS, AND EXTRAORDINARY MEANS OF CHECK- 
ING THEM. 

I pass now to a completely different kind of phe tomena 
of arrest. That is, the stoppage of convulsions of vari- 
ous kinds. The first I will speak of is a kind of convul- 
sions which we call eclampsia. Very frequently in this 
case, en irritation of the skin in children, may produce a 
cessation of the tit. Dipping a child in very hot water, 
or throwing very cold water on it, m ly stop convulsions. 
Iu or her cases the introduction of acupuncture needles, 
—which the Japanese have employed for centuries, aud 
which we unfortunately do not employ enough— may 
have an Immense power on our nerves. By what 
mechanism they act is unknown. It is certainly not 
through chemical process, since they are of platinum, 
and have no chemical action. An irritation of the fauces 
or top of the palate by nitrate of silver may stop convul- 
sions. 

Ducros. a court physician for whom the Princess Ado- 
llda had a great fancy, was an ingenious man if he was 
not altogather honest. He succeeded in the presence of 
the physicians in stoping tits or convulsions in children 
or men, merely by pressing the skin in the nelgborhood 
of the ear. A pressure in the nelgborhood of the nostrils 
may do this. If we are seized with cramps, and can put 
one loot flat on a very cold floor, the cramps may disap- 
pear at once. Or a drawing of the musoles so affected 
may acton the nerve-cells or spinal cord and stop it. 

Hysteria Is one of the most singular afleotlons we are 
subject to. I say we, because even men are so attached 
sometimes. A remarkable aud successful treatment of 
this, which I witnessed in Paris, Is so peculiar and 
strange, that if it were not before such a trustful au- 
dience, bold and daring a» I am, when I am sure of the 
truth, I should not dare to mention the fact. The 
daughter of a friend of mine was attacked with a lit of 
hysteria every morning. I succeeded for a time in break- 
ing up the fit by the use of violent means for a half an 
hour before the paroxysm was due. But after a time 
the means I used completely failed. My friend then 
went to see a gymnast in Paris, named Triat, who 
was far more daring than I am, and was in the habir. of 
treating hysteria in a very hold and unique way. He 
used to take his patients, as he did this lady, up a ladder, 
after having bandaged their eyes so that they eonld see 
nothing. Arter they had ascended to the height or about 
20 feet, he made them walk .very carefully on a plank 
that was about seven or eight inches in width. He, of 
course, was a gymnast, and accustomed to walk there, 
so that he could easily lead the person forward. When the 
young lady had reached the middle of the plank, which 
was pretty loug — for it was a largo gymnasium — ho said 
to bis patient, " Now, you are perfectly safe, aud there 
is no possibility or your fit coming on again." He had 
previously assured her that this means was Infallible ; 
had referred to hundred of previous cases, and exagger- 
ated his success in order to act on the mind of the patient. 
"Now," said he, ••after I have left vou, you will not try to 
lift up the piece of co ton- wool that 1** fixed on yo lr oyca 
until one minute has elapsed." He started away and left 
the patient there in great danger, as you may imagine, of 
falling. After a miuu:e had passed the patient removed 
the bandage and opeued her eyes. Fortunately for Mr. 
Triat no accident has ever occurred there. How many 
patients he cured that way, I don't know; but 1 know 
the daughter of my friend was certainly cured. The 
next day there was no need of taking her up there. She 
had had enough of it. flsaughter.J 

There are many other means that may cure an attack 
of bybteria. The grout poiut to be remembered is, that 
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faith in the patient In tli09e oases 1b the principal med- 
lolne. Placing the arms in very hot water, as Dr. Cerise 
has found, will stop the fit. Other means, such as the 
applieation of ice on the back of the neck when the pa- 
tient does not expect It, will also succeed. A ligature 
tied Yery tightly around tbe limb may stop the attack. 
All the means of counter-irritation may be tried also. 
But in those eases where it is not through the mind that 
the attack is begun, it must be through a direct influ- 
ence exerted b* the transmission of nerve force to tbe 
cells that were antive, thus causing an arrest. Catalepsy 
may be stopped in the same way. Dr. King found that 
by drawlug on the linger of one of his patients he always 
succeeded in stopping one of her fit*. I have seen one 
case of the kind myself. Many other means may be suc- 
cessfully employed in catalepsy as well as hysteria. 



NEBVE DERANGEMENTS — Fourth Lec- 
ture. 

EPILEPSY, INSANITY, PARALYSIS, AND HYSTERICAL 
AFFECTIONS— CUTTING THE HEAD OPEN NOT NE- 
CESSARY IN CASES OF BRAIN DISEASE— EXPERI- 
MENTS ON DECAPITATED MEN— MOVEMENTS OF 
THE BODY HOURS AFTER DEATH— A CASE OF 
ECSTASY. 

Boston. March 8.— Those who braved a night's 
violent storm to hear Dr. Brown-Sequard were dis- 
appointed if they expected a dry season at the 
Lowell Institute. The lecture was as instructive 
and as entertaining as those that preceded it. 

Ladies and Gentlemen : I tried last Wednesday night 
to Bhow that a good man 7 disorders in our system 
may result from the stoppage or arrest of the aotivity of 
certain cells of gray matter. I shall now conclude this 
part of my subject. Tetanus or lock-jaw is one of the 
convulsive affections which can be stopped immediately 
by certain iuflueuoes coming from certain parts of rue 
system. The kind of tetanus that strychnine will 
produce can be stopped at onoe, as Rosen- 
thal has discovered, by Insufflating air into the 
lungs. He thought that it was the 0x3 pen that stopped 
the attack; but I have ascertained that carbonic acid 
will also stop the convulsions. In the same way other 
physiologists have ascertained thut a current of galvon- 
isni applied in a peculiar manner will, in many in- 
stances, stop tbe tetanus excited by strychnine; not al- 
ways saving the animal, but lengthening the life and 
giving a chance of recovery. Totanus, which comes 
from wounds or injuries to nerves, may also be stopped. 
Chloroform, either applied along the spine or taken In- 
ternally, in both cases may produce an irritation of 
nerves and act on the cells of gray matter in the 
spinal cord. 80 that the mechanUm of the arrest 
of convulsions in totanus is Just the same 
as tbe mechanism of the arrest of the heart 
in the case of the galvanisation of tbe par vagum in the 
neck. I have already mentioned that epilepsy can be 
stopped by a mechanism of that kind. And I may add 
that when an attack of epilepsy is to begin* when there 
are certain symptoms Indicating it, a great many means, 
indeed, can be used to prevent it. An Irritation of 
almost any part or the skin may be sufficient to stop au 
attack, and the irritation Itself may be of a great many 
different kinds. Yec In each individual case it is impos- 
pib.e to say a priori that one method that has succeeded 
niuny times with other patients will succeed with the 
one you have to deal with. 



TRUE THEORY' OF LIGATURE Dt EPILEPSY. 

There are cases in which there is what is called an 
aura starting from a limb. From the time of Galen to 
our own, it has been shown a great many times that a 
ligature bound around the limb in which this influence 
takes place, will stop tbe lit. The supposed philosophy 
of these cases was that something started from the limb 
that went to the brain, and that the ligature being ap- 
plied prevented that something from passing. I have 
shown that tbe process by which the attack is prevented 
is Jnsr the opposite of that. Instead of preventing 
something from passing, the ligature irritates the nerves 
In tbe skin and • scuds a current toward the brain 
changing the state of the cells there and preventing an 
attack. This has been shown very clearly Indeed in a 
great many instances that I have seen, especially since 
1800, when I was connected with the Hospital for Epilep- 
sy, at London. At that hospital I had a very intelli- 
gent nurse, to whom I had given the proper directions. 
There were three or four patients there, who bad this 
particular kind of symptom. la these cases, when the 
nurse was not far from the patient, or when she had 
time to be called to them, she invariably prevented the 
attack. In one of those cases, that of a clergyman's 
daughter, there was paralysis on one side of the body 
and convulsions, oniefly in the paralyzed litnbs, extend- 
ing to tbe feet; always beginning by the contraction, 
of the foot on that side. As soon as the nurse heard that 
an attack was pending, she rushed to her patient, 
and immediately pinched her first on the foot oz 
leg of the side which was to be convulsed, and afterward 
on the healthy side. In every case the patient was 
saved. Still, it is not a rule that the lit will be stopped 
when there is such an aura. Sometimes the ligature 
and the pinch will fall, and other means must be used. 
For instance, in patients having some trouble internally, 
tbe relief is found in giving at onoe something which 
will irritate tbe nerves of the stomach very powerfully: 
either brandy, or gin, or rum, or ammonia, or some sim- 
ilar medicine. And if the stomach bo empty the chance 
of preventing an attack is greater. Au immense nam* 
ber of facts show that it is almost always possible to 
eava epileptic patients from an attack if there is tlms 
enough to apply the proper means. There arc 
other faots which show that an attack may 
not only be prevented, but that eptlepsy may 
be cured bv means of irritation of certain nerves in the 
periphery of the bodv. Unfortunately, however, the 
means that I now mention, though they hafe been aocfc 
dentally employed with great success, are too hasardoai 
to be gonerally employed. There are many oases oi 
epilepsy that have been cured by a mere accidental 
burning, by a f raoture of the limb or by tbe wounding 
of a limb or part of the trunk. In fact, an irritatiia in 
any part of the system may sometimes be tbe means ol 
curing. Unfortunately, we do not k now when we deal 
with epileptic patients what chance there will be in irri- 
tating one part rather than another, and we cannot tor- 
ment our poor patient to death by trying the whole sur* 
race of the body to see what will best serve to Irritate 
the nervous centers. 

CURING INSANITY BT IRRITATING THE NERVRS. 

Another kind of stoppage or arrest of the activity ol 
oells consists in the arrest of tbe morbid activity of the 
brain. In treating of epilepsy I have spokeu partly ol 
this subject, but what I have to say now is distinct from 
what I have previously said. Take a patient who if 
insane. There are many oases published in the medieal 
lournal*, relating to lnsaulty, showing that a large num- 
ber of patients have been cured suddenly by means oi 
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irritation of the skin, that- was either accidental or em- 
ployed by a physician. There are other means more 
curious and equally effective, as in the case I am about 
to inontlon. A patieut in a laoario asylum met another 
one, who struck his head and broke the cranium 
on the right side. The. brain oosed out ; a 
good deal of it was lost, and the patient 
was cored of his insanity and epilepsy. 
fLaughter.J This Is rather a dangerous means of treat- 
ment, however, and of course I speak of it only to show 
that an irritation brought to the brain may often cure. 
It is in that way that bold surgeons— as many there 
were in this country in the period from 1826 to 1869— who 
have brought their instruments to the cranium and 
made an opening there, in oases of epilepsy, in search of 
a disease at that place thai did not exist, have very fre- 
quently cured their patients* But not because they 
have taken away the disease that they supposed existed 
there, bat because tbey have produced an irritation 
which has done it. But I may add that it is not neces- 
sary to open the cranium, though it has been done, to 
my own knowledge, more than flfry times in this coun- 
try. All that is called for is an irritation of the skin of 
the cranium and of the titirous band that covers the bone 
between the skin and brain. Irritation there has a very 
good chance of curing epilepsy in many very obstinate 
cases. There are many oases on record showing that an 
lnflummarion in almost any of the organs of the body is 
sufficient to check insanity. In the same way other af- 
fections of the brain, such as amaurosis or paralysis, 
may be cured suddenly sometimes without any cause 
that we can find, but with good ground certainly to be- 
lieve that an irritation has aoted wnlch has produced a 
change in tne cells of the brain and diminished their 
morbid activity. For there are clear cases in which 
those affections have been cured by such irritation. 
Those alterations of cells that were producing an arrest 
of the power of sight or paralysis, have been sub- 
mitted to an irritation of parts of the 
skin or of some viscus, and this 
Irritation going to the morbid part and producing a 
ehange in the activity of those cells, has cured the dis- 
ease. 80 that a double mechanism of arrest may take 
place in all these cases. There is in the brain an Irrita- 
tion starting from the place where there is a disease. 
That we can see after death. That irritation goes to 
parts at a distance and acts on cells to stop their activ- 
ity : but another irritation starting from some parts of 
the bodr goes to tne parts that are diseased and there 
acts ou the morbidly active cells and stops their activity, 
so that the effect chat resulted from the disease ceased. 
Bo oue phenomenon of arrest produced the cessation of 
another, 

CAUSES AJTD CURES OF PABJLLT8XS. 

In reference to paralysis a view is held, whioh seems 
to be In opposition to what I have said here. Paralysis 
is considered to result from a cessation of activity of a 
part of the brain from disease. Lot, for instance, a dis- 
ease exist in that part of the brain that we call the an- 
terior lobe. That part is considered as being In great 
measure the seat of the will. That part is destroyed by 
disease, and we find a paralysis; and the view is, as I 
have said, that the paralysis results from a cessation of 
the activity of that part. If we admit this view, then 
there is no need of accepting what I have taught here : 
that an irritation starts from a place that is diseased 
and goes elsewhere to produce an arrest of the ac- 
tivity of cells. But that view Is entirely In opposition 
to facts. We see every day that a disease which 
Jg exceedingly limited in extent In the brain 



can produce the most complete paralysis, Thile, on the 
other hand, we see that disease whioh has destroyed an 
immense part of the brain may not produoe a paralysis 
at all. It is impossible to conclude that paralysis pro* 
ceeds in a direct way from the destruction of tissue 
that we see after death. There must be an intermediate 
agency between the seat of the disease and the 
paralysis. And that Intermediate agency is what I 
have tried to make you understand in saying that the 
Irritation starts from the place where the disease is, and 
goes to other parts of the brain, and also to the spinal 
cord, to stop the activity of those parts. It will be evi- 
dent to persons here who know a little aoout anatomy, 
that it is Impossible to admit the old view about 
paralysis. In the base of the brain there is an 
organ which Is called the pons varolii. This 
Is flie only part by which communications 
take place between the brain and the spinal cord and the 
rest of the body for voluntary movements. There is also 
another part in front which Is called the crura cerebri— 
legs of the brain. That part Is composed of two halves, 
quite distinct one from another. Let us suppose that 
there is a disease either in one part of the pons varolii or 
of the crura cerebri* and that disease has destroyed a 
small part of one of these. What shall we say if the 
view that most all physiologists have is correct 1 Why, 
that the destruction of one part of the crura cerebri or 
pone varolii necessarily will produce a paralysis In some 
muscles of one-half of the body. But that is not what 
we see. In cases of disease there, the paralysis may 
exist in the same side of the body where the disease is 
or on the opposite side. It may be in one arm only or in 
one leg only. The facts are altooether in opposition 
to the admitted view. Tou may see also cases In 
which the pons varolii .is destroyed without 
any paralysis at alL We should say also, according to 
the common view, that a disease that has destroyed only 
a few of the fibers would produce only a paralysis of 
some of the muscles. There are no such cases on record. 
It is essential to take another view of this matter. I 
have proposed this explanation: that paralysis appears 
only from an irritation which starts from the place 
where the disease Is, and acts upon parts at a distance 
so as to modify them. All of you know that a tickling 
of tbe soles of the feet produces different effects In differ- 
ent people. 80 we can easily understand that an irrita- 
tion in the brain which will produce a complete or a 
partial paralysis in one person will produoe no 
paralysis in another, according to the excitability 
of different people Take the facial nerve now. 
That nerve In almost all persons who have a chronic 
disease of the brain is partially paralyzed, perhaps only 
a few fibers of it. Well, as the disease which produced 
this paralysis is limited in every Instance, and as the 
disease may occupy every part of the brain, if we con- 
clude that paralysis comes because tbe nervous center 
of the facial nerve is destroyed, we would have to place 
that center in everv part of the brain; in one individual 
in one part; m another individual in another part, and 
so on. Aud as we find oases in which a destruction of a 
considerable part of the brain does not result in that 
paralysis, we woirfcl have to conclude that some indi- 
viduals do not receive that nerve in their brain. This is 
a reduetio ad absurdum. We have therefore to throw 
overboard that theory. 

HALF THE BRAIN EQUAL TO THE WHOLE. 

There is one point about which I should like to 
deliver a whole lecture. I can only say now a few 
words in regard to it. It is a most important 
topic A study of the foots relating to the brain 
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baa led me to conclude that each half of the brain— 
paradoxical as It may seem— is a whole brain. That is, 
that one-half of the brain is sufficient for all the func- 
tions of the two halves of the brain. Tf that is the case, 
I must mention a conclusion, although it may seem out- 
side of my subject. It is that we are extremely neglect- 
ful In educating only one part .of the body. We 
educate our right arm and make use of the 
right side of the body as much as possible, and leave the 
other side inactive, except in walking. We do not per- 
form what is really needed if we have two brains. There 
is no question that it is our habit of making use of ouly 
one side of the body, that consigns to one-half of the 
brain— the right side— the faculty of expressing ideas by 
speech. If we developed both sides of our body equally, 
not only would there be the benefit that we could write 
or work with the left hand as well as with the right, but 
we should have two brains iustead of one, and would 
not be deprived of the power of speech through disease 
of one side of the brain. 

I pass now to quite another subject. Tou know that 
In the second lecture I said that I would examine two 
aeries of facta, one showing the power of arrest of 
activity that nerve force possesses, and the other having 
just the opposite object, that is, to produce an activity 
Instead of an arrest. I now come, therefore, to the 
study of the production of the various kinds of activity 
that the nerve force possesses. The first question I have 
to examine is chat which relates to the influence of nerve 
force in producing muscular contraction. It is essential 
first to say a few words on the power of muscular con- 
traction and to see if that power is distinct and 
Independent of nerve force. There have been 
a good many different views about this; 
bat as I have little time I shall only say that the view 
is almost universal now that the nervous system is not 
essential to the existence of muscular contraction or ir- 
ritability ; that contraction can take place without any 
interference of the nervous system. My friend, Prof. 
Bernard of Paris, made some ingenious experiments on 
this subject He found that the poison woorari affects 
the motor nerves in muscles, so that the conductors 
which unite the brain with the muscles be- 
come paralysed, while the muscles remain 
active. He drew the conclusion that muscles 
remain connected with the brain as regards their activ- 
ity. But there is an objection to this which I put for- 
ward long ago. It is not clear at all that in that case 
the muscular power in the finer is lost. Tiiero is a state 
of things, auatoinlcully and physiologically, inside of 
the sheath of the muscular fibers, wnioh renders it very 
doubtful that the woorari acts upon those parts, and it 
may be that the nerve power remains inside of the 
sheath of the muscular fibers. The same objection can 
be made to the facts relatiug to the section of nerves. 

A MAN STRONGER WHEN DEAD THAN ALIVE. 

It is well-known that if a nerve has been divided, 
after four days it loses its power. The muscles, how- 
ever, remain perfectly active, and we can produce con- 
traction in them. Unfortunately, here, also, there is an 
element of nervo tissue, which is inside of the nerve 
sheath, and it is not known whether it has lost its power 
or not. In the base of two decapitated men, I made an 
experiment of cutting off the arms. I found, after 
thirteen and a hair hours in one ease and fourteen 
hours in the other case, that all signs of 
life in the limbs had disappeared. Ud to that 
time, either galvanism or a shock produced 
by a blow with my . arm or a paper-cutter, 
•ansed the muscles to respond to the irritation. I then 



Infected the blood of a man into one of tho*» arms, snol 
the blood of a dog into another. In both oases local Ufa 
was restored in those arms. The muscles became Irrita- 
ble again, and the strength of contraction was extremely 
powerful. Indeed, in the arm in which the blood of tee 
man had been injected, the power was immense. It was 
greater certainly than during lire. There was therefore 
a return of muscular irritability after it had disappeared, 
and nervous excitability had not come. The nerves 
remained quite dead. Therefore it seemed quite clear 
that the muscular irritability depended upon nutrition 
by blood and the oxygen lu it. The blood injected was 
richly charged with oxygen and that was the reason 
why the muscular Irritation became so great. There 
was more oxygen than usual. As the nerves had not 
regained any power at all, it was not through any Influ- 
ence of the nerves on the muscles chat the part had 
re-acquired life. There also we find, however, that 
same objection, that we do not know whether the ele- 
ments of the nervous tissue which are Inside of the 
sheath of muscles had lost their power or not. 

But there are other facts more decisive. Professor 
Simpson of Edinburgh examined the power of contrac- 
tion in the umbilical cord— the cord which unites the 
foetus to its mother. In that cord the contraction by 
galvanism was made with great intensity. 8ome phys- 
iologists have thought that there are no nervous centers 
there. If there are any, they are very small. In the 
iris of an eye I have found a singular fact. Long ago I 
had discovered that light can .affect the iris of the eye, 
even when it has been removed from the body. The eye 
of the eel had been removed from the body for sixteen 
days and kept at a temperature of about S8° to 40° Fan. 
But I found that although the eye was in almost com- 
plete putrefaction, the light still acted as an irritant of 
muscular fibers. There it was impossible to admit thai 
there was nervous action. The muscular fibers them* 
selves were considerably altered, 8till they acted. 

But there is a fact which is more decisive to show that 
muscular irritability Is Independent of the nervour sys- 
tem for its existence. It is that if we strike a muscle. 
that is dying away, we produce a ridge at the place we 
strike. All the fibers in the muscle oontract at that 
place. And as it is imposeiole to a dmtt that in those 
cases there has been a nervous aorlou In every element- 
ary fiber, because the parts I spoke of, which are inside 
of the sheath, are generally in the middle of the length 
of the fiber, and any purt or the muscle may reaot in 
that way, it is, therefore, impossible to admit that there 
is any nervous action in those cases. Therefore, they 
show that muscles are Independent of nerves for their 
aotion. 

I pass now to a class of movements which we call 
rhythmical. It is well known that the heart performs 
them. It has been questioned whether these move- 
ments depended on the nervous system. There is no 
question Indeed that in a normal state— I do not say in 
every state — the rhythmical movements of the heart de- 
pend upon cells of gray matter which are inside of the 
heart itself. The diaphragm, the most important of the 
muscles of respiraiiou, possesses, like the he arr, the power 
of contracting rhythmically quite independent of the 
brain, the spinal cord, and the medulla oblongata. In 
almost all experiments we find that when we destroy the 
brain or medulla oblongata we destroy the movement 
also of the diaphragm ; but that is by the phenomena of 
arrest. We arrest the movements of the diaphragm 
there as we arrest the movements of the heart when we 
galvanise the par vagum. But if we operate In a certain 
way we may succeed in separating the diaphragm corn* 
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pletely from tbe spinal cord by the dissection of the 
diaphrag raaiic nerves, and we may see tbe diaphragm 
continuing to ace perfectly In a rhythmical way. We see 
It even when we have rendered the warm blooded 
animal on which we operate almost cold-blooded by 
diminishing the temperature constantly. The dia- 
phragm, therefore, possesses the power in Itself of 
ruy lb luteal movements. 

MC8CCLAE MOVEMENTS AFTBB DEATH. 

What is (he duration of those rhythmical movements 
when th« parts are separated from the body f It has 
been found that 48 hours after the heart has been sep- 
arated from the chest of a dog It continued to beat. 
There is recorded the ease of a man at Bouen in whom 
the heart was fuuud to beat for 36 hours after the death 
of the body by decapitation. There is therefore a pos- 
sibility of Ion* persistence of life in those organs. And 
I dare say that the great cause why we see those organs 
•top at death so quickly, is that the phonomena of arrest 
of their activity have taken place at the time of death. 

There are many other parts that possess rhythmical 
movements; the great vessels near the heart; the 
arteries of the heart in certain animals, as Prof. 8hlff 
has discovered ; the vessels of tbe wings of tbe bat* as 
Wharton Jones has discovered, and the excretory 
eaoalaof either the liver, or the pancreas, or kidneys In 
some animals. Theu also certain parts of the digestive 
apparatus of birds, separated from the body, may 
continue to act rhythmic*) Uy. Indeed, I have found that 
every muscle in our system, as well as in animals, can 
In certain circumstances, have perfect rhythmical move- 
ments; so that these regular movements do not depend 
on a peculiar organization belonging either to the heart 
or to the diaphragm. It is a property which every 
contractile tissue possesses, and which shows Itself only 
in ceriain circuiu stances different from the ordinary 
circumstances of lire. 

The naxt point I shall mention is that movements 
voluntary in appearance can exist without nerve force. 
In that respect a very singular fact has come to my 
knowledge in a positive way. I was called once to see 
a patient who was Indeed no more a patient; he had 
died beioro I reached him. I was told that he was 
making certain movements, and his family and friends 
all thought ho was alive. I examined him and found 
that he was certululy deacf without any chauce of re- 
turning to life, at least according to our very limited 
knowledge. I fouud that he was performing slowly 
movements that he had been performing with great 
vigor before I came. He would lift up his two arms at 
full length above his faoe, knit the lingers together 
as in the attitude of prayer, then drop the arms 
again and separate them. The movements were 
repeated a good many times with less and 
less force, untlL at last they ceased. These 
siuirular movements, to persons not knowing what may 
take place In the humau body after death, must certainly 
have looked as if the will-power had been directing 
them. Evidently there was no such thing there. The 
heart hud stopped beating ; the respiration had ceased 
lor a longtime. The appearance of the eyes aid of the 
other parts of the body were those that we observe in 
death. Ihere was no trace of sensibility anywhere; no 
reaction to the operation of galvanism or burning any- 
where, as I had to make use of these means to satisfy 
the family. A needle was pushed into the heart, as 
there waB oo aauger from this experiment, a certain 
physiologist having, for the mere sake of showing 
what the Jupanese bad done that way, intro- 
duced one many times into his heart. The needle 



Introduced showed that tLe heart of my cholera patient 
did not beat. But what I did not do, the proof I did not 
have in this case, Dr. Bennett Dowler of New-Orleans 
has given. From patients who died of yellow fever or 
cholera— and It is chiefly in tho*e oases that Involuntary 
movements resembling voluntary ones occur after 
death— Dr. Dowler has amputated limbs. It was a bold 
undertaking ; but Dr. Dowler has done it, and the limbs 
amputated continued to move after having been sep- 
arated from the nervous centers : so that if there was 
nerve force acting, then it was nerve force existing in 
trunks or nerves and not the nerve force that comes 
from the will. Those movements, I repeat, resemble 
voluntary movements. 

EXTBAORDIXAET FEATS CAUSED BT DISEASE. 

There are movements which of course require more 
force, but which resemble those movements in not being 
directed by the will. The field of pathology is indeed 
very rich in oases in which all sorts of movements re- 
sembling voluntary movements are made by patients 
who, however, are not trying to perform those move- 
ments. There is one case especially of a young lady in 
Paris who was attacked with ecstaoies every Sunday, 
and who performed a feat the thousandth part of which 
not one among you could perform unless you were dis- 
eased like her. Every 8unday at 10 o'clock the young 
lady asoendad a bed, and putting her feet on the top of 
the edge or bor ler of tbe bed, took an attitude of prayer 
and began to address prayers to the Virgin Mary. She 
continued in that attitude, fixed like a statue, exeept that 
her chest continued to move and her heart to beat,and the 
lips were giving utterance to sound. All the other parts 
of the body were absolutely motionless. This was a feat 
that you could not perform on level ground. Standing 
rigidly on tip-toe, even without shoes, is an utter impos- 
sibility, beyond a short time. I ventured to try my own 
power on tbe border of that bed, and fell immediately* 
[Laoghter. | I was not ready to try it again, as there 
was no doubt that the thing was impossible. I had been 
'called by the agent of polloe to see whether there 
was disease there, or whether it was a false pretense to 
make money, as the family of tbe girl was poor, and 
many came and paid for the privilege of witnessing her 
attitude in prayer. It was clear that there was disease. 
I made an experiment which proved it. 

There are other movement* which are performed 
without the wilL Some of these are very singular. 
Sometimes it is a movement forward, sometimes it Is a 
movement backward as fast as possible; then move- 
ments sideways, or a movemont like a horse in a circus, 
or a simple rotation executed on the same place on the 
feet. What may surprise maoy persons, there are two 
oases to my knowledge in whioh these rotary move- 
ments, Instead of being performed as I Just performed 
them, were performed with the head ou the ground. 
[Laughter.] The feet were against the wall, without 
whioh, of course, this action would be impossible. Tbe 
patient turned with a rapidity that was wonderful. No 
person with will-power could have done it. The head 
spun around as If it were a top. 

In another ease, I saw a most beautiful Irish girl who 
had a blow on the head and who had a rotary movement 
on that account. She knew well what was the matter 
with her, and had come to be able to prevent any bad 
effect of it. If she wanted to go in a oontrary direction 
she turned herself in a direction almost at right angles 
to it, and tbe irregularity of her movement brought her 
to the right place. [Laughter.] She knew the amount of 
her rotation, her deviation from a straight line, and eat 
culated accordingly. So when she went along the etree 
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she executed a eerie* of half-circles and In that way suc- 
ceeded in going forward. She wai in perfect health oth- 
erwise. She could not help this. There was an irresist- 
ible power pushing her so. Her will force could not 
overcome it. 

The most singular of these rotary movements are 
those that the ear will produce. An Injection of cold 
water in the ear will produce a very great change some- 
times. In a curious book of a Frenchman of Alsace— 
perhaps be is a German now [great laughter]— there are. 
I dare say. more than three or four hundred of those 
strange oases of rotary movements or change of direc- 
tion by something acting against the will. These diseases 
are particularly cominou in women, aud a great many 
of the cases are allied to hvsteria; but they exist from 
an organic cause in man sometimes also. 



sumner's sufferings-fifth lecture. 

PROPOUND EMOTION OF THB LECTURER— CONSE- 
QUEXCK6 OF IRRITATING PARTICULAR NERVES- 
PEOPLE SAYING THINGS THEY DON'T WANT TO 
SAY— SNE.CZING 50,000 TIMES IN 82 HOURS- 
TREATMENT ADOPTED IN SUMNER^ CASE— WHY 
AND HOW HK ENDURED THE TORTURE. 

Boston, March 15.— Dr. Brown-Sequard's fifth lec- 
ture on Nervous Foroe would regularly have been 
delivered on March 11, but a summons to Washing- 
ton to attend Mr. Sumner postponed the delivery 
until lost evening. 

It was evident when the lecturer appeared on the 
platform that he was suffering much agitation. 
Some moments elapsed before he could obtain pos- 
session of his voice, and when he did speak there 
was a tremolousness in the utterance which showed 
the deep emotion that swayed him. His allusion to 
Mr. Sumner in opening his lecture was more affect- 
ing than a simple report of his words can Indicate. 
When, after taJning a half hour, his subject led him 
once more to return to Mr. Sumner's case, the Doctor 
broke down completely, and was obliged to ask the 
audience to excuse him for the remainder of the 
evening. 

Ladies and Gentlemen: For the second time In lec- 
turing here I have 10 be« your forgiveness for being 
moved in the "way that I am. 8lnce 1857 the eminent 
man that has left us has boon under my care, and has 
been also a very dear friend. I sympathized with him 
in every one of tbe generous Impulses tbat led him to 
occupy such a hlffb rank in the history of this country. 
And therefore it is easy for you to understand tbat I am 
now. hardly a ole to say more about his greatness, and 
the blow that our country and you in this city, and I, as 
bis frieud, have received. In a few minutes, when a 
little more master of my nerves, I shall have to say 
something about him professionally ; soinetliiug which I 
have never mentioned but to a few friends, as so long 
as he lived I knew tbat a modesty by far greater in him 
than anybody knew, would have been wounded if I had 
spoken it aloud as I shall to-night. 

BXTBAOBDXNABT CONSEQUENCES OF IRRITATING THE 

AUDITORY NERVE. 

I now come to the subject of this lecture. You re- 
member that in the last lecture I gave facts to show 
that the greatest disorders may occur repeatedly find 
almost constantly under the influence of the irritation 
of the nervous system, i shall now mention a few more 



of these facts. When we inject cold water in our ears, 
we remark that peculiarly disorderly movements come 
at once. In certain animals, if we prick a certain nerve 
—the auditory nerve— we find that a number of strange 
phenomena will occur immediately. In tbe first place* 
when the poor creature tries to move, it turns around 
and around. It Is hardly m Its power to walk straight 
forward. It turns around like a horse in a oirous. Bat 
what is more surprising, what answers In the animal 
to tbe left arm, on the opposite side to that where the 
injury was made, Is drawn backward hi what we call 
torsion ; tbat Is, the thumb, or what represents It, Is 
turned outside, and this connection remains always the 
same as long as the animal exists. Besides, there Is a 
considerable increase in the susceptibility of the skin. 
Frogs, as you well know, very r.irely produce a sound of 
the voice, bat they shriek under this treatmeut very fre- 
quently. 

In superior animals, and in the mammals particularly, 
an injury to that nerve produces also very frequently 
great disorderly movements. Those phenomena have 
been considered as depending on something else than 
tbe irritation of the nerve; there are semi-circular 
canals in the ear whton have been considered as having 
peculiar power. But I think the question is clearly de- 
cided, for in frogs we oan reach the nerve without touch- 
ing at all these semi-circular canals, aud we produce 
these phenomena I have mentioned. It is thus certain 
that the nerve of audition has a power in tbat way to 
produce very disorderly movements. 

In man an affection of this nerve is frequently 
followed by the greatest disorder. I have been called 
more than onoe to see patients who have been con- 
sidered as Afflicted with a serious affection of the brain, 
but who had nothing but an affection of the auditory 
nerve, more or less quickly controlled, aud at any rate 
not threatening a fatal termination as the supposed 
disease would have done. In one of those oases an 
abscess in the mastoid bone, behind the oar, was the 
cause of all the (rouble. The abscess was opened and 
the patient got well. I saw the patient at Elm Ira, and 
the able physician who performed the operation, and 
the cure was perfect. 

INABILITY TO BRIDLE THE TTNBULT MEMBER. 

There are some other oases which consist not merely 
in a disorder in movement, but also in some disorder of 
tbe mind associated with it. There are cases in which, 
through some Irritation, a patient will utter certain 
words and not always the most desirable words. A most 
eminent mathematician— one of the four or five most 
able and ingenious mathematicians of the age— is suf- 
fering from this affection. He is certainly, as regards 
power of mind, above most men with whom I am ac- 
quainted. But very frequently, under this affeotlon, a 
word, and often one which no mauin society ought to 
utter, will come to his lips. He has sometimes the power 
of contracting his lips before the sound comes out, so 
tbat he may be saved from the mortification of being 
heard. Bnt sometimes it occurs with such rapidity that 
it is uttered fully, and the poor man has the mortifica- 
tion of saying something that very few educated men 
would say. [Laughter.] My friend Dr. E. C. Seguln re- 
lated the case of a clergyman who was troubled in this 
way, and whose affection took a peculiar form. Imme- 
diately after having begun the Lord's Prayer, after hav- 
ing eald, " Our Father which art In Heaven," he inva- 
riably exclaimed, "Let Him stay there." [Great laugh- 
ter.] Of course he had to give up preaching. 

A lady of the highest nobility in England had to leavt 
oourt for a similar reason. She gave utterance to the 
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unpleasant things for people to bear: "You are 
very stupid:" or, " Tbls la a madness In you." And she 
said those things to the Queen or to anybody else, and 
that quite suddenly, frequently interrupting a conversa- 
tion for the purpose. In two of those case*, that of (he 
mathematician and the lady, both of whom I have seen, 
I have ascertained that the affection was dependent on 
the irritation of certain parts of the stomach and 
bowels. 

Once a patient, a young lady, was brought to me by 
her father. My office was up stairs at the time. I hap- 
pened to be downstairs when the gentleman came. I 
asked him to go up, and told him I would follow In a few 
minutes. The father turned to me and said, " Please pay 
attention." I did not know what he meant, but I said, 
"Is your daughter so very 1111'* "Oh, no, but Just 
listen." I listened, and just then the lady called out, 
"flool hool hoot hcol" (Imitating a peculiar unre- 
portable tone, in which the sound was uttered.) His 
daughter was afflicted with that peculiar trouble which 
has no name in science, which consists in the ejacula- 
tion of the sound of a word. Some of those patients, 
especially those who arc hysterical, bark like dogs; 
which has given rise to the name hysterical barking. 

There are many other facts wbioh show that even 
attacks of the greet convulsive affections may be 
brought on by a mere touch, or mere tickling. When I 
was lecturing in St. Bartholomew's Hospital In 1858, a 
young patient came to consult me, who was au epilep- 
tic, and who could not be touched in the back part of his 
head without having an attack. He committed suicide, 
soon after. His fellow-students there had the cruelty to 
press on the back of his bead tvery frequently. As he 
had no chance in life, he thought, except In the study of 
medicine, and as he could not endure the treatment he 
received there, he was. thrown into despair, and so com- 
mitted suicide. 

00CTULSIO38 AT A TOUCH— NEBVES GOVEBNIKG BLOOD- 
VESSELS. 

My Yery able friend. Prof. Edward H. Clarke, has 
found in one of his patients that the touching of the 
breast brings on a fit of epilepsy. I have seen a number 
of oases in practice, in which the irritation of one part of 
the skin produced an attack immediately. In Guinea 
pigs, as I have said, it is quite enough to tickle the neck, 
or sometimes it is apparent to blow upon the neck to 
have an attack appear. Tetanus may be excited in the 
same way. It Is so frequently in hydrophobia, the 
touch of the wound produced by the bite of the dog 
being enough to occasion an attack. 

A friend of mlue, Dr. Bast Ian of Paris, has seen a case 
of hysteria In a man who bad a tumor In the ear wbioh 
could hardly bo touched without some convulsive phe- 
nomena occurring. The tumor was removed and the 
patient recovered. Catalepsy is of the same category. 
It can be produced in some persons by merely striking 
the body. I bad one case of that kind in London. The 
patient was the daughter of a physician there. A simple 
touch of a part of the spine was sufficient to produce an 
attack. Chorea and a good many other affections may 
be thus produced. In one case, sneezing was performed 
60,000 times, according to the record of a physician, in 
82 hours, owing to the simple irritation of tho auditory 
nerve. When that was cured, the patient ceased to 
sneeze. 

The next series of facts I have to speak of consists of 
alterations of nutrition excited by nerve force. For 
many years, before a great discovery was made as re- 
gards the action of a certain class of nerves on blood- 
vessels, there were physiologists who admitted that 



blood-vessels were controlled by nerves; but facts had 
not been brought forward proving it positively. I had 
an opportunity with a friend of mine, Dr. Tboloznn, who 
is now the eminent physician of the Shah of Persia, to 
see how nervous lufluenoes can be exerted on blood-ves- 
sels from dipping one hand into cold water. If one hand 
is dipped into water at nearly freezing point, we find that 
the blood-vessels of the other hand are contracted, and 
as a consequence of that, there Is a diminution of tem- 
perature. In one case this diminution of temperature 
was so great, owing to the lack of circulation there, chat 
my friend lost 31° Fab. in ten minutes, the temperature 
of the air being very low that day. We found that on 
certain days we were more 'excitable than others. The 
mechanism was simply this > The irritation or nerves in 
one arm, when dipped into water, is propagated by the 
spinal cord and goes to the blood-vessels in the other 
hand and produces a contraction there, whloh re- 
mains, so that no blood reaches the part. Such an effect 
we sometimes see in people from an exposure to cold 
air, which may produce what Marshall Hall calls digiUs 
tevtimortuis; that is, fingers half dead. The fingers 
seem to be dead, and really there is no circulation in tho 
part. How life can be maintained there is a mystery. 
It may last sometimes for days without gangrene. Most 
likely there Is some serum there which receives oxygen, 
Just as the serum in the cornea receives oxygen when 
that part Is wounded. But at any rate it seems mysterious 
that there is no decay when there is such an absence 
of circulation. When we galvanize the oervioal sym- 
pathetic in the baok of the neck we produce a contraction 
of the blood-vessels of the face immediately, and all 
the consequences that I have noted as following such 
a contraction. There is a diminution of the tempera- 
ature, a diminution of the sensibility, a diminution also 
of the vital property. If the reverse is done, if the 
nerve is divided instead of galvanized, then we have 
an opposite effect. The blood-vessels are paralyzed; 
they dilate considerably. There is more blood because 
the channel is more open. The heart sends blood with 
thf same force everywhere; but if one part of the sys- 
tem Is more free it receives more blood, and in conse- 
quence of the greater influx of blood there is au in- 
creased temperature, an increased sensibility, and an 
increase in the vital property of the part. 

When I made my first experiments on th* galvaniza- 
tion of the sympathetic, I came to the conclusion at once 
that those nerves most likely came in a measure at least 
from the cerebrospinal system, although they belonir to 
what we call the sympathetic nerve. I was led to 
this conclusion by facts which I have no time to men- 
tion. But the great point is this : I ascertained by a few 
experiments that it is chiefly from some nerves there, 
the first, second, and third dorsal nerves in the spine, 
that the sympathetic receive those branches. Tbls fact 
was put in a more clear and forcible way by two other 
physiologists, Dr. Budge and Dr. Waller. 

THE TREATMENT OF CHASLEB 8UMXEB. 

When, in 1857, 1 saw Mr. Charles Sumner for the first 
time, he presented to me at once symptoms which I 
could not but recognize as dependeut upon an irritation 
of some fibers of that sympathetic nerve, and a paralysis 
of others. As yon know, he received a terrible blow 
upon the bead. His spine as he was silting bad beeu 
bent in two places, the cranium fortuoutely resisting. 
This bending of the spine in two places had produced 
there the effects of a sprain. When I saw him In Paris 
he had recovered altogether from the first effects of 
the blow. He suffered only from the two spraius 
of the spine and perhaps a alight irritation of 
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the spinal cord Itself. He had two troubles at that 
time. One was that he oould not make use of his brain 
at all. He oould not read a newspaper; could not write 
a letter. He was in a frightful state as regards the ac- 
tivity of the mind, as every effort there was most pain- 
ful to him. It seemed to him at times as If his bead 
would burst; there seemed to be some great force within 
pushing the pieces away from one another. Any emo- 
tion was painful to him. Even in conversation, any- 
thing that called for depth of thought or feeling caused 
him suffering, so that we had to be very caref nl with 
him. He had another trouble resulting from tbe sprnin 
which was at tbe level of tbe lowest dorsal vertebra. 
The irritation produced was intense and the result very 
painful. When he tried to move forward he was com- 
pelled to push one foot slowly and gently forward but a 
few inches, and then drag the other *obt to a level with 
the first, holding his back at the same time to diminish 
the pain that he had there. It bad been thought that he 
was paralyzed in tbe lower limbs, and that he had dis- 
ease of the Drain, aud the disease of the brain was con- 
strued as being tbe cause of this paralysis of the lower 
limbs. 

Fortunately the discovery made of what we call the 
vasa-raotor nervous system, led me at once to the con- 
elusion that he had no disease of the brain and had no 
paralysis. He had only an irritation of those vasa- 
motor nerve?, resulting from tbe upper sprain in the 
•pine. That irritation was the cause of the whole mis- 
chief as regards the function of the brain. Tbe other 
sprain caused the pain which gave the appearance of 
paralysis. Wheu I asked him if he was conscious of any 
weakness in bis lower limbs, he said, " Certainly not ; I 
have never understood that my physicians considered 
me paralyzed. I only cannot walk on account of the 
pain." 

What was to be done was to apply counter-irritants to 
those two sprains. That was done. I told him that the 
beet plan of treatment would consist in the application 
of moxas, and that they produced the most painful kind 
of irritation of the skin that we knew. I urged him then 
to allow me to gtve him chloroform to diminish the pain, 
if not take it away altogether. I well remember his im- 
pressive accent when he replied : "If you can say posi- 
tively that I shall derive as muoh benefit if I take chlo- 
roform as if I do not. then of course I will take it; but if 
there Is to be any degree whatever of amelioration in 
case I do not take it, then I shall not take it." 

I did not find courage enough to deceive him. I told 
him the truth— that there would be more effect, as I 
thought, if he did not take chloroform. And so I bad to 
submit him to tbe martyrdom of the greatest suffering 
that can be inflicted ou mortal man. I burned him with 
tbe first moxa. I bad the hope that after tbe first appli- 
cation he would submit to the nse of chloroform ;'but for 
five times after that fee was burned in the same way, and 
refused to take chloroform. I have never seen a patient 
who submitted to such treatment in that way. 

I cannot conceive that it was from mere heroism that 
he did it. Tbe real explanation was this: Heaps of 
abuse had been thrown upon him. He was considered 
as amusing himself in Paris ; as pretending to be ill. 
In fact, he wanted to get well and go home as Quickly 
as possible. A few days were o" great importance to 
him. And so he passed through that terrible suffering, 
tbe greatest that I have ever inflicted upon any being, 
man or animal. 

I mention this only to show what the man was, and I 
•ball only add that since that I have always found him 
ready to submit to anything for the sake of what he 



thought to be right; and In oth<r spheres you know that 
such was his character. [Applause.] 

At this point Dr. Brown -Se*quard was so ranch 
affected that he found himself unable to proceed, 
and so stopped the lecture, after having spoken one- 
half of the usual time. 



WHAT NERVES MAY DO— Sixth ant> Last 

Lecture:. 

UNITY OF THE NERVOUS SYSTEM— GRAFTING A GAT'S 
TAIL ON A COCK'8 COMB— THEORY OF CATCHING 
COLD—INSTANCES OF POWER OF IMAGINATION- 
LIMITS OF NERVE FORCE— RULES FOR HEALTH. 

Boston, March 19.— Dr. Brown-Seqaard delivered 
on March 18. the final lecture in his course before the 
Lowell Institute. The audience was large, anil 
although tbe lecturer, having a half hour due him 
from the lost lecture, ventured to add about 20 
minutes of it to the regulation hour of the Institute* 
yet attention or interest did not flag from beginning 
to end, and there were not a few regrets expressed 
at the close that the course of lectures was termi- 
nated. 

Ladies and Gentlemen : I began in the 

last lecture to speak of the vaso-motor nervous system. 
That nervous syirtem supplies the blood vessels and 
keeps them in a state of activity. When paralysed, the 
blood vessels, not having any stimulus to contract, yield 
to rhe power or the heart and become very much larger. 
Tbat nervous system exists in all parts of the body 
where blood is present, so that a direct influence can be 
exerted by the central organs of the nervous system on 
all parts of tbe body. But the question is, whether this 
nervous system is tbe only 4 one that acts on circulation. 
My friend Prof. Bernard has insisted upon the 
view tbat there is another nervous system 
acting on circulation and serving to dilate blood 
vessels. This view, however, you will see in a 
moment, has no real foundation. The facts on which 
it has been grounded can be explained by quite another 
supposition. Tbe second nervous system, which Bernard, 
and Soblffnnd others suppose to exist, has becnjpresrmed 
to act on peculiar muscular fibers in the blood vessels, 
so as to produce tlielr dilatation. The ground for the 
view is, that by irritating certain parts of tbe nervous 
system we find blood vessels dilating instead of con- 
tracting. But it id clear, from many facts indeed, tbat 
the dilatation comes from quite another mechanism 
than that which is supposed by the physiologists I have 
named. There is evidently a number of nerve libers 
transmitting nerve force to the oel I ular tissues, and in- 
deed to the neighborhood of tissues, not going into any 
of them, but terminating between tbe elements of tissue; 
the discbarge or nerve force which these fibers produce 
s transformed into chemical force ; and owing to tbe 
activity of chemical phenomena following tbat discharge 
or transformation of force, there is any attraction of 
blood. 

THE HEAVT NOT ESSENTIAL TO CIRCULATION. 

As you well know, the blood circulates from the arte- 
ries to the veins, and Prof. Draper of New York has per- 
fectly well proved that the chemical changes occurring 
in tissues must be a cause of activity of tbe circulation. 
Bnt there are many other facts besides those lie 
knew, which show that when we irritate a nerve* if 
there is more blood in tbe part where tbat nerve goes, it 
Is not because that nerve goes to blood vessels, and afr 
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ffcefs them by dilating them, but because of the direct 
transformation of nerve force into chemical force pro- 
ducing an attraction of blood. A great many facts indeed 
•how us that circulation will go on without an Impulse 
from the heart. In plants the circulation proceeds from 
chemical changes without any heart at all. without 
any power that pushes the liquids forward. In total 
monsters In our own species, there are cases in 
which the monster had no heart, and in which the 
communication or its circulatory system with that 
of the almost half child with which it was connected, 
was too slight for the circulation to go on if we were to 
look upon the heart as the only organ producing circula- 
tion. Besides, in embryos, in animals at a certain de- 
gree of their development form the ovum, circulation 
takes place while the heart 19 not yet formed. And we may 
say that Instead of the heart beina the only organ that 
serves for circulation, that, on the contrary, the heart is 
formed by circulation. The circulation helps to give it 
a form of organization, and helps to give it a function 
when it has accomplished its organization. 

I long ago made an experiment with frogs, consisting 
In making a section of the ventricle of the heart, 
dividing it so as to do away with more than 
two-thirds of the length of that part After a 
time a clot is formed there which unites the 
lips of the out, and the circulation goes on with a 
part of the ventricle, which is so small indeed that there 
Is hardly an impulse coming from it. There is a pass- 
age, however, for the blood there, and that is all that is 
necessary, that the great cause of circulation, which is 
attraction, may be accomplished in every tissue through 
life. Even in our own species it has been my lot to see 
one case, that of a lady, in which the heart was almost 
entirely destroyed by faity deposition. The heart in 
this oase had very little action, if any, but still life per- 
sisted for some time. In appearance there was a state 
of health, until suddenly one day death occurred. 
There is on record the case of a man who for three 
days had had no beating whatever of the heart 
and who, nevertheless, had had a circulation. 
He had had no pulse — the beating of the 
pulse depending on the heart— but the blood was 
circulating, and life was maintained all the time. There- 
fore, although I would not say certainly that the heart 
Is a useless organ paughterj, it is certainly by far less 
important than it was considered to be, a great deal of 
the work of circulation being due to the attraction that 
tissues exert on the blood. That attraction is increased 
by certain nerves, and thereby circulation is consider- 
ably increased, sometimes locally to a most wonderful 
extent, by an irritation of the nervous system. In oases 
of Inflammation we see this very plainly. Where the in- 
flammation exists inside of the cranium, we find that the 
carotid tartery beats with tremendous violence. Some- 
times we find an enormous Increase of pulsation in the 
arteries of the temple. As we find in such oases that 
the heart, as indicated by the pulse in the wrist, is not 
heating with much more force than usual, we must con- 
elude that there Is considerable irritation and an in- 
flammation In the membrane of the brain or the brain 
Itself. 

A CAT'S TAIL OK A ROOSTER. 

If we put an organ taken from a living animal Inside of 
another animal, very frequently this organ will be en- 
grafted there. The infused serum becomes the object of 
chemical ohanges, the blood is attracted and the organ 
receives circulation. I once engrafted the tail of a cat 
on a cock's comb. A few days after it was evident by 
pricking the tail that blood was circulating in it, and it 



certainly wonld hate stayed there had not the cock had a 
fight and lost its tail. [Laughter.] Other cases of graft* 
ing leave no doubt in this respect. It is shown by the 
fact that ova in animals when they are implanted on a 
mucuous membrane take hold of it, blood is attracted' 
there and circulation takes place. 

Now, the question is, does the nervous system wfetafc 
acts so powerfully on nutrition, as yon will see in a 
moment, act only through blood vessels and through 
that peculiar influence which I had named an attraction 
of blood f Certainly not. Whatever be the suppositions 
we may make as regards the mechanism by which the 
alterations I will speak of are produced, it Is quite cer- 
tain that we cannot explain all the facts on the suppo- 
sition that the nervous system affects nutrition only 
through the blood vessels. There must be other influ- 
ences. And the variety of facts I shall mention, 
although not so great as I should like to present, will 
be sufficient, I think, to show that we oannot accept thai 
position. 

The mere division of a nerve is followed by a good 
many alterations, often producing atrophy not only of 
the muscles but also of the cellular tissue of the blood 
vessels, and also of the bones themselves. All the parts 
that were animated by the nerve are more or less atro- 
phied after division. Dr. John Bead made an experi- 
ment to ascertain whether it was because the nervous 
s j stem has an Influence on the nutrition, which is essen- 
tial, or whether it was simply the lack of action, the 
perfect rest in which the part was thrown, that occa- 
sioned this wasting away or atrophy. He allowed 
atrophy to take place, and then galvanized the limb 
very frequently, and found it Improved. But the prin- 
cipal experiment consisted in preventing atrophy by 
galvanization. He galvanized every day, and found 
that the limb did not becomo atrophied. I pushed the 
experiment further. I waited until atrophy had be- 
come considerable in the limb, and then I applied gal- 
vanism. I then learned that although the nerve had 
lost nerve force altogether— as they lose it four days 
after dissection— yet there was soon a manifest in- 
crease in size, and after a time the limb was brought to 
the normal size that it had before the operation. 

Even In man we frequently see cases of that kind. I 
once had a patient who from rheumatism had been 
without any exercise in one of his legs for a long time 
and atropliy was considerable in the thigh. When the 
pain had diminished considerably he began to apply gal- 
vanism. I observed day after day a change for the bet- 
ter, and at the end of u week be had gained at the upper 
part of the thigh' Ave centimeters or nearly two inches 
in circumference. This implied a rapid transformation 
for the better. It Is evident, therefore, that in a great 
measure it is owing to rest or inactivity of a part that 
want of nerve action and consequently atrophy is due* 

' CONSEQUENCES OF IRRITATION TO NERVES. 

There is a great variety of results, as 1 have said, when 
any part of the nervous system is irritated. The irrita- 
tion may come In a direct way ; that is, it may, If it 
exist in the brain or part of the spinal cord, go direct to 
the muscles or skin or bones or glands or part with 
which it is connected. But there Is another way. An 
irritation may start from a part of the skin or mucous 
membra nee and go up to the brain or spinal cord and be 
sent back by the brain or spinal cord toward other 
organs which become atrophied. There are a number 
of oases which show that an Irritation in the bowels or 
elsewhere, In the skin, for Instance, from a cut, has 
produced an atrophy at a distance in other parts of the 
body. The variety of effect produced Is considerable. 
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On the skin a great many alterations may be observed. 
▲ bulla, which Is a risin* like a blister on the epidarmts, 
a liquid being between the epidermis and the skin may 
be formed, or what we call pemphygus, or papules, 
which Is the rising of a part ef the skin with redness, 
or what is known under the name of herpes*- all these 
may be due to an irritation or the nervous system. The 
treatment in herpes is to be that of simple neuralgia. 

A gangrene may also be produced by a nervous affec- 
tion. Ic is well known that insane patients, especially 
those having a peculiar inflammation of the gray matter 
of the brain and the medulla oblongata, and those at- 
tacked with what is known as general paralysis of the 
insane, have a slight effusion of blood in the ear and 
sometimes gangrene. It used to be thought that the 
nurses, who are unfortunately often very violent to In- 
sane patients, had been abusing them. But it is cer- 
tain, also, that the trouble Is frequently due to an in- 
flammation. For there is no reason why nurses should 
alwaxs and especially strike them on the ear. Again, 
they may have bad trouble in that organ when at- 
tacked; and thirdly. I have actually found that an 
injury of a certain part or the base of the brain produces 
almost invariably a hemorrhage of the ear and gangrene 
after it. It occurs in several species of animals, 
especially in Guinea pigs. Bo that there is no doubt 
whatever in my mind that the affection of the ear In 
insane patients is produced by a morbid irritation of the 
nervous system. Great changes may also occur in the 
hair, in the nails, and even the color of the iris may 
be chauged from the same cause. The nails cease to 
grow, as Dr. Mitchell of Philadelphia has shown. In 
many oases by disease of the brain. They become 
altered in shape, and show a series of lines, depressions, 
and protrusions, or ridges and canals. So that a morbid 
influence takes place on tho«e parts which are only 
secreted from the blood. The hair may change color 
from one day to another under a morbid influence. It 
may be ohanged not only in color but in density and 
thickness, and become dry or oily. There is a morbid 
alteration of the skin and the cellular tissue, which is not 
rarely observed in cases of disease of the brain or spinal 
cord. It is the slouching of a part due to injury of the 
nervous system. It was perfectly well known that such 
sloughing might appear after an Injury to the nervous 
system, yet people often called these appearances " bed 
sores." But we know that pressure in people who have 
not an irritation of the nervous system will not produce 
bad sores. In cases of fracture or the limbs, for instance, 
the patient lying in the position to have a pres- 
sure of the nates will not have these sores. But 
on the other hand — and these has led me to 
the view I propounded long ago, and which is 
now being accepted— in animals, in dogs, for instance, 
when lesion is produced, which causes an inflammation 
of the spinal cord and an inflammation of the nerves 
arising from it, we find a sloughincr coming from a part 
of the sacrum, which is Just the same as In man. In 
dogs, instead of lying down as we do on the back, the 
lying down is on the front part of the belly and on the 
thigh, while the sloughing, nevertheless, appears Just 
where it does in man, on the nates. Therefore, it cannot 
be construed as being caused by pressure. Besides, I 
have seeu a slouching appear within three days after an 
lntury, so that even if we imagined that the poor 
creature bad turned and pressed on the part for a time, 
yet the length of time would not be sufficient to pro- 
dace the trouble there. Neither is the explanation that 
the sloughing is due from decomposed water from the 
patient a satisfactory one. Undoubtedly this is a pow- 



erful cause of increase of the sloughing, but not 
original cause, as in those animals I refer to there 
not a drop of that water irritating the hack. 

INTERVAL ORGANS BUFFER FROM EXTERNAL IBBflTAlIO*. 

All sorts of inflammation in the viscera can be pro- 
duced from an irritation of the nervous system. Inflam- 
m.-tion of the lungs Is extremely common in certain 
cases of diseases of the brain. And inflammation of the 
kidneys or bladder, or bowels, may come from an inflam- 
mation of the spinal cord. Burns will produce also 
phenomena of that kind. A burn on the skin will fre- 
quently prove fatal by producing an inflammation of 
that part of the bowels called the duodenum ; the inflam- 
mation may be so rapid as to produce an ulceration In a 
few days. 

The eyes are the theater of considerable alteration 
from the nervous system. It is almost useless to go into 
a demonstration of the influence which an irritation on 
the nerve of one eye may Droduoe on the other eye, 
because it is generally admitted now that an injury to 
one eye can injuriously aftVot the other. When I first 
upheld that theory I was alone in it, and it was neces- 
sury to pile up my facts ; now everybody has found it 
out. It is quite certain that an inlnry to the frontal 
nerve then, will produce disease in the corresponding 
eye, ana the best thing to do in those cases is to divide 
the nerve between the part which has been injured and 
the brain, so as to prevent the transmission of the in* 
jury to the brain, from which it is reflected to the othex 
eye. In the same way an Irritation of one eye ™*j 
produce inflammation in the other. And if a patient 
who has one eye very much altered and irritated, sc 
that it is sure to be lost, if the patient begins to have 
inflammation in the other eye, it is now a common thing 
for surgeons to take away the eye first injured to save 
the other. That of course acts in dividing the nervet 
which connect the eye first injured with the brain, and 
prevents a propagation of the irritation from the brain 
to the second eye. Even oataraot and glaucoma can he 
produced by a nervous influence. 

But more than this, all the Inflammation of vlsoert 
that we suffer from may and does come fr ym an irrita- 
tion of the skin. Of the persons in this room now whs 
suffer from coughing I daresay that nine out of ten— yes, 
19 out or 20— owe their cough to an irritation which was 
brought to other parts than the part which, being in- 
flamed, causes the cough. An Irritation of the neck by 
oold, an irritation of the feet, or arms, or any other pari 
of the body by oold, especially by damp or wet cold, 
may bring on inflammation of some organ. When per- 
sons have an inflammation of the lunas, almost invaria- 
bly— I was on the point of saying in all oases—this in- 
flammation has its origin, in great measure, if not en- 
tirely, in some irritation of the skin, or of the raucous 
membranes in the neighborhood of the skin, in {be nos- 
trils or in the throat. 

POWER OF THE NERVES OVER NUTRITION. 

There is a question which now arises, after havias 
shown you how various and bow great Is the action oi 
the nervous system on nutrition. It is, Are we to con- 
sider the nervous system as essential to nutrition 1 It is 
certainly not essential to nutrition, but without doubt 
also it is most useful to nutrition. But, unfortunately, 
beside being most useful to nutrition, it is in a morbid 
state most detrimental to nutrition. So that these three 
points are now particularly established : (l.) In the first 
place the nervous system is not essential to nutrition, 
which can and does go on without it, as yon well know 
it goes on in plants and foetuses before the nervous sys- 
tem is formed, and as it goes on also in completely da* 
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▼eloped animals after the destruction of certain 
I ports of the nervous system. For Instance, the 
destruction of a creat part of the spinal oord lu cats, 
allows the development of the lower 11 nibs. There »s an 
atrophy or wasting in Mze or eirth of the limb, bat the 
development In length takes place. (2.) The second 
point is that tbe nervous system bas, however, a great 
usefulness in improving nutrition. (3.) Aud thirdly; It 
has a great power In disturbing nutrition, especially 
under certain influences, prominent among which is the 
application of cold to tbe skin. I may nay here that the 
great danger comes from the fact that we do not expose 
ourselves sufficiently to cold. If we accustomed our skin 
to the influence of cold, then we should be m very much 
less danger of having any of the morbid influences that 
cold acting on the skin ean produce. 
| I now approach a broad subject, about which, unfortu- 
nately, I shall not have time to say as much as I should 
like. In fact, it would take a large number of lectures 
to develop it completely. It Is the power of * the mind 
over the body through nervous force. That power of 
the mind over the body is muoh greater than most of 
yon imagine. Indeed, I do not think that any one among 
yoo, however exalted may be his or her idea or the 
strength and variety of their power, has an adequate 
conception of its magnitude within the bounds which I 
will mention. Tou all know what mesmenzers have 
tried to establish. Ton all know what persons believing 
in animal magnetism profess and declare. You have 
heard of what is called the "od force;" and you huve 
heard of a peculiar process whioh originated in Kew- 
Kngland, and which we know under the name of Per- 
son's Tractors. All these views that I have mentioned 
have a ground in nature, and I may say there is hardly 
any folly in mankind of any Importance that has not 
some ground, some degree of truth. 

THE POWEK Or IMAGINATION. 

But though there maybe some ground for it, there 
may not be enough to establish the truth of a certain 
view. Tbe ground here Is simply that the power or 
Imagination on the body is immense, and that what is 
done by nersous iu a state of what is called mesmerism, 
or in any of the instances I have mentioned, which is 
apparently due to those odd forces— this time It has two 
dees— paughterl. is due to the imagination of the person 
under these influences. John Hunter long ago having to 
deal with a mesmerizer, showed very cleurly what 
occurs in these oases. He said that he had observed of 
himself that by thinking of any part of the body he 
could very soon produce, ai sensation there, and if he 
thought of a certain kind of sensation that 
kind of sensation was produced. Having been 
urged strongly to go to a me»merlzer's, he 
tells ns that he was rery reluctant to do so 
because he was troubled with that serious affection 
known as angina pectoris and feared for hi* health. 
Finally he made up his mind to go, aud determined to 
call some sensation from a part remote from that on 
which the mesmerizer was trying to fix his mind ; so 
that when the mesmerizer was trying to act on his hand, 
saying, * Don't you feel this or that sensation when this 
instrument is put in your hands 1" Hunter at that time 
was trying to give himself the gout in the big toe. 
ILaughter.] Hunter unfortunately knew by experience 
what the gout was, for he was careless of his health, 
and had that complaint in other and worse parts than 
the big toe. But this time he thought he would divert 
it to that member, and succeeded In doing it so 
well that all tbe attempts of the mesmerizer 
to produce a sensation in the Angers failed. 



Hunter had the true view abont this, when 
be attributed It to the imagination. Another mau of 
Immense gonlus, although ut limes, according to my 
notion, he was carried away by hallucinations and illu- 
sions from a disorder iu his mi ml ; that m n, Sweden- 
borg, had also a very clear view of what John Hunter 
has expressed. He l|ved before Hunter, aud therefore 
preceded him In this view, and he expressed It in his 
usual way, somewhat mystically but vpry forcibly, for 
he said that the brain had tbe power of conveying 
various sensations in it of other thlaes to any part of 
the nervous system. And this Is what imagination may 
do. But the real discoverer of this Influence, the man 
who has established on most solid grounds the agency 
of tbe imagination in this matter Is Thomas Braid of 
Manchester, the real introducer of hypnotism, although 
some three or four Americans hud had a good deal of 
his thought mixed up with notions more or less incorrect. 
Ttie influence of tbe mind on sensations especially is 
exceedingly great. Prof. Bennett of Edinburgh related 
the case of a butcher who was onco trying to hang 
apiece of meat ou a book. He found sadden I y that he has 
suspended himself to tbe hook instead of the meat. His 
agony of pain, when he discovered it, was terrible, but 
an examination showed that the book bad ouly passed 
through his sleeve aud had hardly touched his skin. 
[Laughter.] The exaltation of the senses that we see, 
especially In mesmerized persons, may go to a most 
wonderful extent. Indeed, the power of the sense of 
hen ring especially is such that it would be dangerous, if 
you wanted to reach the truth about mesmerism, to 
talk in a room adjoining the one in which was the mes- 
merized person, about thai which the mesmerized per- 
sou was to find. The mesmerlzad parson would have a 
good chance of hearing what you say. All the senses 
Indeed are exceedingly delicate then. 

KNOWLEDGE OF TIME WHILE UNCONSCIOUS. 

Still there is another thing than an increase of the 
senses. Prof. Laycock of Edinburgh bas insisted on a 
point of great importance. If you put a watch on the 
back part of the head of a mesmerized person— I have 
not seen it, but it seems well attested— that person will 
know what time it Is exactly to the mluuta, although 
some hours may have elapsed since tho person had the 
opportunity to consult the time, lu that case Prof. Lay- 
cock suggests that we all know that during sleep we 
have a power of Judging of time. There is no doubt that 
there is such a power of knowing the time, so much so* 
that some people can wake themselves up within a. 
minute of a fixed time. So it U quite easy to admit that 
the mesmerized person kuew tbe time by that power,, 
whatever it is. Therefore, the power of knowing the 
time did not come from the fact that the wato i was- 
there; or that the hands of the watch were seen by the- 
hair or the skin, or the bones, *+• was that there 
was a knowledge within of the real time. The way to 
ascertain if the person see* would be to put there a watch, 
whioh gives the wrong time. 

I could give a good many facts to show- that ev*n* in 
health, in persons of imagination, a great deal of pain 
can be produced when there Is no organic cause for it. 
I could show also that lack of sensation may be pro* 
duced to such an extent by the Imagination that pain 
may scarcely be felt, as in the case of the Con vol* 
slonalres of St. Medard. These men. and women were 
trampled under foot In the most violent manner, and 
never showed tho least sensibility under pain. They 
had come to imagine that they could bear almost any- 
thing, and did do it. There is a story of one of these 
poor Bisters of Charity vho was struck and beaten all 
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over the body, and trampled on by some 10 or 12 persons 
over her limbs and belly and chest, and still bore it all 
-without any sign of pain whatever. 

A 8 regards the power of producing anaesthesia* it 
seems to me unfortunate that the discovery of ether was 
made Just when it was. It was, as you well know. In 
1846 or 1847 that the use of ether as an anaesthetic was 
begun. It started from this olty. ' At that time In E j- 
gland Dr. Forbes was trying to show from facts observed 
in Englund, and especially in Iudla, from the practice 
of. Dr. Eidaile, that something which was called mes- 
merism, but which, after all, was nothing but a peculiar 
state of somnambulism induced In patients, gave to 
them the idea that they were deprived of feeling; so 
that they were In reality under the influence of bheir 
jiniagintition, and operations were performed that were 
quite painless. I say it wus a pity that ether was in* 
troduced Just then, as it prevented the progress of 
our knowledge as to this method of pro- 
ducing anesthesia. My friend, Prof. Brooa, took it up in 
1857-8, and pushed it very fur; and for a time it was the 
fashion in Paris to have amputations performed arter 
having been anesthetized by the influence of Braidiem or 
hypnotism. A great many operations were performed 
in that way which were quite painless. But it was a 
process which was long and tedious, and surgeons were 
in a hurry and gave it up. I regret it very much, as 
there never has been a case of death from that method 
of producing anaesthesia, while you well know that a 
great many cases of death have been produced by other 
methods. 

EFFECTS THAT BORDER ON THE MIRACULOUS. 

Not only an&sthcsis may be produced, but the secre- 
tions may be very powerfully affected by the influence 
of the mind over the body. Here we find facts of great 
' importance indeed. There are many facts which show 
that the secretions of milk may become poisonous for 
•a child from a more emotion in the mother, and 
especially from anger. And if it were not the duty of 
•«very one to avoid anger it would oertalolv be the duty 
of a young mother who has to nurse a child. There are 
•cases, although they ure not common, in which death 
has resulted; and alterations of health in children from 
this cause are very frequent. A great mauy men who 
have reached an adult age owe their ill health to such an 
Influence in childhood. 

Every one knows, also, that the secretion of bile, the 
secretion of tears, a ud the accretion of saliva are very 
<muob under the influence of the nervous system. The 
.purging of the bowels, which depends on a secretion 
•there, or a secretion iu the liver, is also much dependent 
on the influence of the imagination. The Emperor Nich- 
olas tried to see what power there la in the Imagination 
in that respect. Bread-crumb pills were given to a great 

• many patients, and, as a result, most of them were 
purged. In ono case a student, not of medicine but of 
theology, having the idea that the word pill meant a 
purgative, looked for "pill" in the dictionary; and the 
first kind of pills that ho found there was one composed 

•mainly of opium and henbane, both astringents, and 
•capable of producing great constipation. He wanted to 

• be purged, and took a certain number of these pills, and 
'instead of becoming constipated he was purged Just as 

he wished to be. [Laughter.] 

Vomiting may be produced in the same way. Du 
Cros, a French physiologist, tells of a trial made In 
a hospital by a nurse who went aroand and gave to all 
the patients a very harmless kind of medicine, and then 
told them that she was sorry that she had by mistake 
given them all very powerful emetics. Out of 100 pa- 



tients 80 were affected as if they bad taken the matt 
violent emetic and vomited for a long time. 

This we see on a very large scalo on seaboard every 
Summer. I have no doubt whatever that sea-sickness 
is in a great measure due to that, and if you could go on 
board of a steamer with, the idea that you would not 
vomit I am well satisfied, from experiments I have 
made, that you would escape a great deal of eea-slch* 
ness, if yon did not esoape it altogether. One fact I 
recall is very interesting. A person had crossed, on one 
occasion, a small bay when it was very rough. There 
was a man playing the violin on the boat. The person 1 
refer to was terribly sea-sick and vomited a great deal. 
He had not, of course, made up his mind that ho could 
net be sick. However, the point is that after that he 
could never hear a violin without vomiting. fLaugbtei 
and applause.] 

To pass to something more serious: You have all 
heard of what are called the «ft£mato— marks represent 
ing the wounds on the limbs of Christ. Those inarki 
have appeared in persons who have dreamed or im- 
agined that they were crucified and suffering the pains 
of Christ, having Invoked the goodness of God to lei 
them have that suffering to punish them for their faults. 
The most remarkable fact of that kind is that concern- 
ing St. Frauds or Assist. There is no doubt that he had 
the mark as clear as possible. If you compare with 
this fact one which Is related by Dr. Carter you"will 
have the explanation of it. Dr. Carter says that 
while a mother was looking at her obild who 
was standing at a window with the flngen 
on the border of the window Just under the 
lifted sash, she saw the sash come down with great force 
and crush the three fingers of the poor child. The 
mother remained unable to move, feeling Immediately 
a pain on the three Augers at the very place where the 
child had been injured. Her fingers swelled, an effusion 
of blood took place and ulceration followed and she was 
a long time in being cured. If in the case of this mothes? 
the imagination could produce such results, you will see 
in the case of the stigmata the imagination may hare 
been equally powerful. 

PERFORMANCES OF RELIGIOUS DEVOTEES. 

The mind in a state of emotion has also great power 
on the heart, the breathing apparatus, and several 
other organs. The most important of the facts here— 
which I must soy I committed the fault of denying for a 
long time— are thoso which relate to the fakirs of India. 
Tou know that they may remain dead to all appearance 
for a number of days, and it is even said for months, 
without any change occurring in their body, without 
any change in their weight, without their receiving any 
food. They show neither circular ion nor respiration, 
as their temperature had diminished very considerably, 
and altogether present a series of effects whioh are ear* 
talnly very marvelous. But marvelous as it is, 
the testimony of some officers in the Brit- 
ish army who are men of perfect veracity 
leaves no doubt as to the possibility of the fact. Bat la 
the light of the fact that I mentioned in my first lecture, 
that I had a dead animal in my laboratory lying for 
several months without any sign of decomposition, in a 
temperature varying from 40° to 60° during day and 
night, we can understand that these fakirs may remain 
aole to live although they do not live— that Is, do not 
have actual and active life. But why, you will say, do 
they come out) Admit that there is in us a power which 
is quite distinct from our ordinary power of mind, 
which is quite distinct from what we call consciousness, 
which Coring our sleep Is awake and watches; with 



Wiat Nerves May l)o—Brovm-S4quar<L 



85 



this admission and tte facts I have mentioned before, 
we have all the elements, I think, for an explanation of 
-what has been said about the fakirs. 

I find, unfortunately, that the time presses so that I 
shall be obliged to pass over a good many facta and 
come to the miracles of La Salette and to the miracles 
aeeoupilshed at the tomb of Father Matthew, and ate* 
what has beeu said of a great many otber instances of 
recovery from illness. I cannot but believe that there is 
no need of appealing to any otber power than what we 
know of imagination for the explanation of what takes 
place in those miracles. Tbey are verr curious, but 
hardly more curious than what we see when we know 
without doubt that imagination is the cause of such a 
change. The cure of any illness whioh does not constat 
In any disorganisation of the tissues can often be ac- 
complished wben the person think* that it can be done. 
If we physicians, who treat patients every day, had the 
power to make them believe that they are to be cured, 
we certainly would obtain less foes than we 
do, and I must say that the best of 
us would rejoice at it. There is no 
doubt at all that If we could give to patients the idea 
that they are to be cured they would often be cured, 
especially if we could name a time for it, which is a 
great element in success. I have succeeded In this way 
sometimes, and I may say that I succeed more now than 
formerly, because I have myself the faith that I can in 
giving faith obtain a cure. I wish, indeed, that phy- 
sicians who are younger men than mpself , and who will 
have more time to study this question than I have, 
would take it up, especially in those cases in which 
there is a functional nervous affection only to deal with, 
as it Is particularly, though not only, in those oases that 
a cure can be obtained. Indeed a cure may thus he ob- 
tained lu certain organic afiections ; even in dropsy it 
may lead to a cure. You know that it will stop pam ; 
that going ro a dentist is often quite enough to make a 
toothache disappear. | Laughter.] I have seen patients 
come to me with a terrible neuralgia, who dreaded the 
operation I was about to perform, and, just at the time 
I was to undertake It, ceased to suffer. . [Laughter. | \ . 

LIMITS OF NERVE FORCE— LAWS OF HEALTH. 

I think I have shown that the power of nerve force Is 
exceedingly various; that nerve force can be trans- 
formed into chemical force, into motion, into electricity, 
Into heat, into light, and so on. But what are the limits 
of the action of nerve force f I may say that the limits 
of the action of nerve force, except after it has been 
transformed into other forces, are our own body. Those 
persons who think that by an imagination, or by an act 
of will, or by the action of a mesmerizer, we can send in 
any part of our body an Influence that can modify it, 
those persons make a great mistake if the v think that 
this can take place by forces distinct from nerve force 
In the subject In which the action takes place. If we 
divide a nerve going to a part, never mind how much we 
may imagine that we can move the muscles to which it 
goes? never mind where we go to be the object of a 
muscle, we shall not have the least action in the muscles 
to which that nerve went. That nerve is absolutely 
outside of our control. Nerve force caunot be 
propagated to parts that are not in connection 
with the nervous centres. This fact is a death blow to 
the view that there are other forces acting in us than 
mere nerve force. To continue the illustration of this 
foot i If the spinal cord, which establishes communica- 
tion between the brain and the various parts of the 
body, is divided, the parts of the body that ore below 



that section are separated absolutely from any act of 
will, any act of imagination, any act coming from emo- 
tion, in faor, from anything that comes from the bruin 
There is, I repeat, no force in our system other than 
mere nerve force for the transmissions that may come 
from the brain, as the seat of the imagination, the seat 
of emotion and the scat of the will. 

I shall new odd but a few words on -the production and 
expenditure of nerve force. Nerve force is produced as 
you know through blood. It is a chemical force whioh 
Is transformed there into nerve force. This nerve force 
accumulates in the various organs of the nervous system 
in which it is formed during rest. But If rest is pro- 
longed, then it ceases to be produced. Alteration takes 
place in the part which is not put to work. On the other 
hand, action which is so essential to the production oi 
nerve force, If prolonged wHI exbaUBt force also, but 
produce a state distinct from that of rest. Best will 
produce a lock of blood, while over-action may produce 
congestion. The great thins, therefore, is to have suffi- 
cient but not excessive action. 

There is another law which is that we should not 
exercise alone one, two, or three of the great parts ol 
the nervous system; since thus we draw blood to those 
parts only, and the other parts of the body suffer. In 
the due exercise of all our organs lies the principal 
rules of hygiene. This view, you know, oomes from a 
physician. It is not in agreement with what the poet 
Churchill wrote: 

" The rareat road to health, say what yon win, 
la nerer to rappoae we ahall be ill. 
Moat of tfaoae evlla we poor mortals Vnow, 
From dootora and imagination low." 

Unfortunately Churchill died a victim to this view 
that doctors were murderers. He died of a fever at the 
age of 84, and that because he had been too careless 
about calling in a doctor to help him. But It is certainly 
true that the gteat rule of health is not to lay Imagina- 
tion aside, and this is why I have quoted these verses* 
Imagination, on the contrary, is to be appealed to far 
more than we do, and this is one of the great conclusions 
that I hope young physicians will keep in mind. 

To conclude with these great rules of hygiene, I should 
say that we should not spend more than our means 
allow us. Many commit this fault. As before sold, we 
should make an equal use of all our organs, and of the 
various parts of the nervous system. Those who employ 
the brain suffer a great deal from inattention to this law. 

Lastly, there should be regularity as regards the time of 
meuls, the time and amount of action, the time and 
amount of sleep— regularity in everything. It Is very 
difficult indeed to obtain It. But there is in our nature 
more power than wo know, and if we conform ourselves 
to the law of habit things will soon go on without our 
meddling with thorn, and we come to be perfectly reg- 
ular, although we perhaps had naturally a tendency not 
to be. 

In oonoluslon. I have to thank the audience that has 
listened to me so patiently through these long and dis- 
connected lectures. I Loud applause. J 
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MR. PROCTOR'S NEW LECTURES. 



Mr. Richard A. Proctor, the distinguished English 
astronomer, began on the afternoon of April 3, at 
Association Hail, another series of lectures supple- 
mental to those delivered some time ago in the same 
hall, and which many persona— ladies especially— 
were unable to attend on account of the limited ac- 
commodations of thjs usually adequate hall. The 
first of this series was npon the Past and Future of 
Our Earth, and the lecture was profusely illustrated 
with stereopticon views. His audience, which was 
composed maiuly of ladies, was very sympathetic 
with, and deeply attentive to, the line of thought 
pursued by the lecturer, and approbation was fre- 
quently manifested. 



EARTH'S PAST AND FUTURE-Fibst Lbo 

TUBB. 
TEACHINGS OF ASTRONOMY— PARALLEL BETWEEN THE 
SUN AND EARTH— DOWNFALL OF METEORS— THE 
EARTH MADE FIT FOR MAN BT GRADUAL PRO- 
CESSES—NO PARALLEL IN THE MOON*8 CASE— THE 
INFINITE CYCLES OF THE FUTURE. 

Ladies and Gentlemen: In the year 1837, 

on March 33, the French astronomer. Arago, addressed 
to the French Senate a statement having reference to 
the wonderful value of the study of astronomy as teach- 
ing true thoughts of the Creator. He related bow a cer- 
tain clergyman had come co him and complained that he 
fonnd his people wanting in attention. Said he, "I re- 
peated to my people all that I had hitherto been teaching 
about the wonderful power of God. but they would not 
fix their attention. They seem to look upon these matters 
as false." Arago said to him. " Pass from those older 
teachings snd take what astronomy teaches;" and then 
Arago related to him the wonders of astronomv, and 
the minister went away rejoicing. When the time 
came at whioh be knew the minister was to employ 
those teachings, he waited with impatience to hear the 
tesnlt. The minister came back to hi in, bnt he was not 
fajololng as Arago had hoped. With despair pictured on 
bis face be said: " When I brought those wonders be- 
fore my audience they had forgotten the sacred nature 
of the place they were in, aad rose up and applauded me 
to the echo." 

VARIOUS VIEWS OF THE VALUE OF ASTRONOMY. 

It appears to mo there are in the teaching of astron- 
omy several ways of viewing the soienoe. The study of 
astronomy is interesting and important, whether it he 
considered either as an aid to the memory or an exer- 
cise of the mind; -but we pass to a higher value of as- 
tronomy when we come to consider it in its theoretical 
aspect, the study It presents of various problems or in- 
terest, and the way it replies to observation and experi- 
ment. Perhaps in the minds of many, a higher 
value of astronomy will be found in its utilitarian as- 
pect, as a means of ascertaining the laws that gnide the 
seaman in his course over the ocean, or the traveler in 
Ills Journey through the desert, thus work ing one a use- 
ful purpose. But all these, uoble as they may be, seem 
to me insignificant compared with what astronomy 
does— and what every other soienoe does— in bringing 
us into the presence of the great questions whioh affect 
all of us and are of such vital Interest. The question 



what we are, what this earth !«, what all this is going 
on around us anl in whioh we are taking part, septus to 
me to bring astronomy before us in its noblest aspect. . 
This nwy be illustrated by considering the study of 
human nar ure. The doctor who tea oho* us the way in 
which the human frame may be guarded from 111, and the 
anatomist who convevs to us knowledge of the wonder- 
ful structure of the human frame, do well. But * man 
does not live by bread alone, bat bv every word that 
proceedetb out of the mouth or Go1." His voice is all 
around us. He speaks in all the works or science; and 
what we wish to deal with now, in the particular course 
of lectures I am to give, is t-» forgot, as It were, the in* 
telle-ctiial aspect of astronomy, to fortrat even— or rather 
only to take the results of— the theoretic ul aspects, and 
to consider those questions of which I have been speak- 
in*— the question* of the post and future of this earth, 
the prospect of life in other worlds and the presence of 
Infinities into whioh we are brought, lufialties of space, 
infinities or time, infinities of nutter, infinities in the 
occurrence of events, and the great infinity — rhe 
Almighty God. 

HYPOTHESES OF THE FORMATION OF THE SYSTEM. 

I don't suppose any one can hope from the teachings 
of science to learn anything clear or distinct of the 
reality of the Almighty. That always lies infinitely be- 
yond our conceptions, but it is well for us to find, and 
this astronomy especially does, that all things, even 
material things, are not within our power to understand ; 
that by the mere study of scientific facts we are brought 
into the presence of inconoeivables. And therefore if it 
shall be shown, as some men of science say it is. If it 
shall bo shown that the Idea of a personal God is Incon- 
ceivable, we are not therefore to reject it. We are to re- 
member that it is only one of mauy inconoeivables that 
lie around us. 

To-day I take the subject of the past and future of 
this earth. I remind you that in the course leave 
before I dealt with oertaln preliminary considerations. 
I spoke, for instance, of the two theories of the universe 
and the general facts on whioh both of those theories 
are based. I told you then how the various planets 
circling in one direction round the sun, the sun also 
rotating in the same direction, and the satellite family 
turning in the same direction, seem to point in a manner 
which there is no mutakiu* to a process by which the 
solar system reached its present condition. One of 
these theories was that it had contracted from a great 
nebulous mass; and another theory was that the solar 
system, instead of con trued nar, hid gro wn to its present 
condition by the in- Ira wing of great flights of comets. 
[Hero Prof. Proctor Illustrated the two theories npon the 
screen.] 

The picture shows you the nebulous matter— what the 
star depths afford us In answer to the theory. There 
you have a picture where you see a number of stars ear- 
rounded by nebulous matter, and this picture suggests a 
certain amount of evidence in favor of the attraction 
theory, the attraction toward the varlou* centess of 
light. The next picture shows the way in which neb- 
ulous matter sometimes extends over enormous regions 
of space. This picture illustrates the wonderful neb- 
ula in Orion. There yon see it spread over enormous re- 
gions of space, and suggests that, as regards quantity, 
there is an ample amount of this matter rrom which 
schemes like the solar system may be formed. I am 
passing down from the earliest condition toward which 
we can trace back the past condition of oar earth. This 
nebula has been shown to be constituted of great quan- 
tities of glowing gas, hydrogen and nitrogen being pros* 
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«nt In an elementary condition. In other words, they 
fall to nive the lines usually given by those gases, bat 
only in each oase a single line ; and the idea has been 
suggested by a physician of your own that all the ele- 
• meats may have be**n produced from these elementary 
I stages of hydrogen and nitrogen. I hope to show yon 
that there is no possibility of arriving at the real begin- 
ning of the earth, but I shall pass back to that first 
stage of which we can hope to have any information. 

INSTANCES OV FORMATION IN NEBULOUS MASSES. 

I shall show you the great southern oebula in Argo, 
although rather faintly. It looks as if motions were 
taking place in the star spaces— as if some progress 
were actually making under the very eyes of astrono- 
mers, toward the beginning of a new solar system. We 
see these great masses moving, changing in place, and 
we may imagine that evolution is there beginning. 
Another picture shows the central part of that nebula 
In somewhat enlarged space, and that contains a sun 
which, as it were, is immersed in that nebula. This was 
formerly of the first magnitude, but it has now been 
ranked in the fourth magnitude. It has become scarcely 
visible to the naked eye on the darkest night. May It 
not be the first of a process by which a sun is being 
formed, or the last t We may see it tending toward an 
end, and flod that there we have a sun which is gradn- 
ally flickering out. like a candle lust before it expires. 
80 we see we may have a system either beginning or 
gradually dying out. 

Here is another picture showing the changes this 
nebula has actually experienced, and we will now have 
a series of illustrations of various classes of nebula), in 
order that we may have a choice between the various 
orders of n«bul», from which we may imagine our volar 
system arose. There you have great quantities of nebu- 
lous matter in great variety of shape. Here is one of 
these nebulas where you seem to see various centers of 
light, as if the nebulous matter were gathered in toward 
some centers. 

After dealing with these primary states we must pass 
to the condition of our earth as a center. Here is the 
other theory, that our solar system sprang from a 
gradual drawing in toward the center of great masses of 
glowing matter. Instead of being contracted, masses 
of glowing matter, hard or liquid, were drawn in toward 
the center, which led in the first place to the formation 
of the center of onr system, and afterward to subordi- 
nate centers of aggregation. Here you have one of the 
great circular clusters, a cluster tending toward a sin- 
gle center. Above yon have also one somewhat tending 
toward the center, all suggesting the possibility that 
centers of aggregation may be formed. 

SIMILARITIES TO THE SOLAR SYSTEM. 

Now we will have an enlarged view of that great 
spiral. Here you see the central part of its true pro- 
portionate dimensions, and you seem to feel that that 
great center of aggregation will grow until it becomes 
a fitting sun. Over here, in this next picture, you sec 
the first subordinate aggregation, and you see iu that 
system that a planet, that will occupy the same posi- 
tion as Jupiter does in our system, is being formed. 
Here is a picture showing the process of formation. 
Here you see the spiral branches are more distinct, one 
from another, and you see beside the central aggrega- 
tion, one of the first subordinate aggregations— the 
Jupiter of that system— and another which we may re- 
gard as the Saturn of that system. And so we may per- 
ceive that the other branches, not perceptible by us, 
may lead to aggregations, out of which the smaller 
planets of that system are to be formed. 



In the next picture you will see one of these spirals 
turned edgewise, so that you can notice the flatness of 
its nature. We know that our system is. as it were, a 
flat system, and if these spirals were not flat we should 
not find in them the true analogue of onr system. You 
can see our spiral has something the shape of the great 
whirlpool spirals, precisely as a cloud near the horison 
looks long and straight, although its shape, viewed from 
below, would be probublv round. 

Another series of photographs was thrown upon the 
screen, and the lecturer continued : I told you that we 
might t« cognise In the signs of the star depths, the 
past probable condition of our solar system. It m:iy 
possibly be that In this ring of nebula we have a prior 
condition ; (hat it is from this ring of nebula that these 
spirals are to be formed by a process of breaking up. I 
want to call special attention to the fact that these 
rings, like the spirals, are almost flat. When they are 
seen edgewise they have that elongated shape. 

PSOOES8BS OF AGGREGATION. 

Here is another nebula having ouly one center of ag- 
gregation. Here, you see, is one center, and toward 
that center various branches seem to tond. That seems 
to me instructive as tending to show that these great 
spirals are not at ro?r v If they had been originally at 
rest, then there would always have been the appearance 
here shown— that is. a great center, and all around that 
center branches would be seen tending inward ; but if 
they were traveling In some cases forward with great 
rapidity, then there would be a tendency toward an oc- 
casional eooentrio. In other words, the supply of mat- 
ter to the central aggregation would be greater at one 
stage than at the other, if the nebulous mass were trav- 
eling from a poorer to a richer region, or vice versa. 

And now in order to show that we have evidence of a 
prior condition of our solar system m that stage of neb* 
ulous matter, though not necessarily as a great rotating 
nebula, we will have a pioture brought on illustrating 
the spectrum of a comet. Here we seem to see the 
prior condition of matter, but we And In the comets 
other signs of the sxistenoe of great nebulous masses. 
Here you see bands of comets whlci! oorrespoml to the 
glowing vapor of carbon, and you seem to see the sign 
that comets contain the glowing vapor of that element- 
carbon. We have these comets traveling to us out of 
the star depths and bringing information as to these 
great masses. 

Here is another picture of a comet, and I wish here to 
remind you of the enormous extent of these bodies and 
the great quantities of glowing matter which we have 
to believe In as soon as we recognize the fact that these 
comets are made of such gases. Tiie breadth of Halley*s 
comet— the bead of it— is 70,090 miles. You see the 
enormous quantity of glowing gas presented before you. 
Nor was that comet of Hulley's by any means the 
largest of Known oomots, but was in fact comparatively 
small. The comet of 1811 had an estimated diameter, 
not of 70.000 miles, but of 700,000 miles, and its tail was 
over 12,000,000 miles long. No matter .what Jegree of 
variety we give to the material of these comets, we yet 
have immense quantities of glowing gas. In these glow- 
ng gases we reoogniza the first condition of our earth to 
which we can carry baok our thoughts. 

THE CHILDHOOD OF THE EARTH. 

I hope to show you that there Is uo limit, either In the 
beginning or the end, to the processes of change, but 
we must stop somewhere, and it will be convenient to 
stop on either side at some point. I don't know how we 
can go further back than to this nebulous condition. 
We have carried baok our earth to this nebulous state, 
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tthen it. pratl) or od in from its earliest childhood, so to 
fipcak, masses of nebulous matter from without, captur- 
ing tho*e portions that oame near enough to it, and 
proving, as it were, by all those lodrawu portions of 
matter. That was the mere bo id on Jog, and during the 
whole time of its history until we eomo to the 
appearance of life upon its surfaoe, it has 
been gathering matter in that way. Everything that 
there Lb in this room, our bodies, our bruins, have been 
formed by the gathering in of matter, not from one part 
of space, but the great force of gravity has been en- 
gaged In drawing in matter; so that this hand |here 
Prof. Proctor raised his hand before his audienoel con- 
tains particles from regions far away in the Northern 
heavens, and particles from the distant South as well; 
particles drawn in by processes continuing millions upon 
millions of ages until by the chapter of accidents they 
nave been combined, formed into the earth, drwn from 
this plant and from that plant to form the nutriment of 
my own body and the hand before yon. 

There is the first wonderful thought we have— that 
not merely our earth, but everything we take or touch 
or handle or see, has been once spreading throughout 
the immensity of space. And now we pass to another 
picture to show you the relation between comets and 
meteors. There is a representation of what you ml?ht 
well take to be a comet. It is in reality one of the 
starry cloudlets in space. 

▲ SECOND STAGE OF EARTH GROWTH. 

Now to the next stage of our earth's condition. Be- 
ginning as a great muss of glowing gas, it gradually 
contracted and changed from a flattened condition to a 
globular form, becoming more and more globular in ap- 
pearance uutil at last it presented a form perfectly glob- 
ular, or nearly so, having only such an amount of flat- 
tening as corresponded to its rotation, and having most 
of the qualities that we recognize in the sun. 

This picture of the sun shows what was probably the 
forme i condition or our earth. We can scarcely full to 
recognize the fact that it must have once been a sun. It 
may have been that at that time the moon was a satellite, 
and that the earth then afforded the supplies of heat and 
light necessary for the existence of life upon the moon ; 
but whatever view we form we feel thac in the time 
when it first contracted from a state of glowing gas, first 
began to have some liquid matter, or solid matter, in its 
constitution the earth must then have been a sun. 

Here is another picture showing the sun's surface. It 
may be that this earth on which we live was not only 
a sun, but showed all those phenomena of spots. And 
yet I must point out here a difficulty to be coustdered. 
We must not be carried away too muoh by analogy, and 
aay this earth has passed through, or will pass through, 
all the stages that the other members of the solar sys- 
tem have passed through ; that onoe it was like the 
buu; that still later it presented the appearance Jupiter 
now doe?, and so on, until at last it became like the 
moon. We must »e member that the question of the 
original quantity of matter comes in as a very import- 
ant consideration, and it may be that no two orbs of the 
univei se were ever exactly alike, and no one ever had any 
change corresponding to any single change in the ap- 
pearance of auy other orb. 

There is this point to be remembered: that volume 
and surface are related together in such a way that the 
proportions of tho different materials that form the sur- 
face of a planet will be different according to the size of 
the planet. The surface of a planet, after all, is the 
most important relation, so far at least as the nature of 
life is oouoerned. Life exists, for the most part, on tho 



surface. It is hut a very small section of the earth's 
crust, and a very small portion of the depth of the 
atmosphere, that is occupied by life. Surface, after all, 
is the great question, and surface and volume are oot 
similarly oouneo.ted. Tf a planet has twice the diameter 
of another, it has four times the surface, eight rimes the 
weight, and eight times the volume of that other. And 
that would make a very great difference in the oonstitu 
tlon of its atmosphere and of its oceans. There would 
be eight times the quantity of water, eight times the 
quantity of oxygen, eight times the quantity of nitro- 
gen, with a surface only four times as great; and that Is 
the former condition of our planet as I proceed to consider 
it. So, with eight times the quantity of matter being 
spread over a surface only lour times as great, there 
would be twios the quantity of matter— twloe the 
amount of water and atmosphere for eaoli square mile 
of surface. And that would produce differences that 
would be very marked indeed. Then from the very 
beginning of a planet's exlsteooe It has only a certain 
quantity of heat, depending upon its size and the might 
that resides in it. So the sun at the beginning of its 
existence had more heat than this earth has ever had. 
80 again with the planets Jupiter and Saturn. I men- 
tion these facts not to negative any instruation we may 
derive from the analogies before us, but to prevent too 
muoh stress oelng laid on those analogies. 1 ah ill have 
occasion, probably, to say that Jupiter represents the 
earth as it was in its former state of existence ; but 
there are essential points of difference. 

SIMILARITY OF THE SUN TO THE EARTH. 

Now we will have another picture of the sua brought 
on the screen, and then we will proceed to consider the 
nature of the sun's surfaoe and the probability that the 
earth's surfaoe corresponded In some degree to that of 
the sun. There we have a more spotted picture of the 
sun, and you see at the border, the signs of the exist- 
ence of a deep atmosphere, and, as ic were, the floating, 
over the surface of the sun of something very muoh Ilk* 
slag floating upon the surfaoe of liquid, molten metal. 
We have this theory of the sun to consider, related, as it 
probably must be, to the past of our earth— the 
theory that tho sun is at present merely 
a bubble of matter, as It were. You are aware that Prof. 
Young of Dartmouth has advanced this theory, and 
there is much in the appearance of the sun to suggest it 
—to suggest that that great center of our system, while 
there are cold spots upon it, is always ra Hating its heat, 
so that there is a continuous transition of viscous sub- 
stance into liquid globules, and thattho boiling down of 
those globules produces continual showers of meteorlo 
rays. They descend again, and keep gathering as they 
descend ; but after a time as they approach the great 
heat contei they again become vapor, and bo there ii 
a continual down-fall. 

Another picture will be brought on the soreen. Illus- 
trating, on a large scale, the nature of the sun's surface. 
There you have that appearance resembling slag, of 
which I spoke. You see the mottled appearance ; the 
roughest of the phenomena presented by the sun. 

We will now have another picture, showing every 
minute detail as revealed bv the telescope, with tho 
hope that we may possibly reoognlsa something there 
that will suggest the former couditlon of the surfaoe of 
our own earth. Yon see all these comparatively smal 
bright points, and rhe bright matter in which the bright 
points seem to bo filiating. We shall now have another 
picture, showing what Prof. Langley of Pittsburgh has 
discovered. He resolved these bright points into still 
smaller points, and then he has fouud that in tho neigh* 
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borhood of the spots there Is tbat wonderful appearance 
yon there see. It is in some sense confirmatory of tho 
theory of Young, tbat there are continual showers 
taking plaoe. You see the upper part of the dense mat- 
ter, and here you have side views of the showers; and 
owing to some irreat eruption— possibly of gas from 
the sun's interior— you see chose showers spread. 
Nor need we be deterred from accepting that theory of 
Young's from the faot that the long streaks of bright 
lines assume a curved appenranoe, because we know by 
direct telescopic observation that irreat cyclonic dis- 
turbances are constantly taking place there. I wish 
yon to remember all the time that we are dealing with 
the possible or probable past condition of our own earth. 
The appearance of the sun may probably hare hod its 
analogue In the past history of this earth on which we 
live. 

Now that picture will be passed on and another brought 
on showing the cyclonic action of which I have been 
speaking. At the present time the sun is in this condition. 
Gradually parting with its heat, forming these great 
showers, and gradually contracting, as we believe, the 
snn will contract, the showers will attain a greater depth, 
as it were, the crust of the shell becoming thicker, the 
aides of the shell becoming less, the whole contracting 
towards the first condition r of our earth, regarded as a 
liquid or solid globe. When the time came that the 
whole mass of the earth was liquid, what obauces would 
then have taken plaoe f We are in the habit of Judging 
what would take place from the behavior of water when 
it freezes. We know that ice forms on the surface of 
frozen water and tbat below there is liquid. We are so 
In the habit of dealing with analogy that we suppose the 
earth must have formed a solid crust. But I couceive that 
Dr. T.Sterry Hunt and those who follow bini are right In 
assuming that there would be a formation of solid mat- 
ter in the interior of the earth in the first place, and the 
heavier matter would all sink down, gathering toward 
the center, and that for a long time the outer part of the 
, earth's crust would be liquid. Then, at last, there would 
come another change. The oenter would become solid. 
The liquid matter would become more and more dense, 
more viscous, less plastic, and at last It would he so 
dense that the solid matter so formed would no longer 
sink, and then at last the crust would begin to be 
formed. It would be separated from the' gjeat solid 
mass of the interior by a sort of internal shell or viscous 
and partly liquid matter. And that, I conceive, was not 
merely the state of the earth at the first formation of 
the earth's crust, but is probably the present condition 
•f the earth. 

THE FORMATION 09 THB EABTH'B CBU8T. 

We find that William Hopkins and many others have 
adopted that view. Aud there Is one very strange 
possible confirmation of the theory tbat the interior of 
the earth is of this nature, a great solid mass, separated 
from the solid crust by a viscous, plastic ocean. Ter- 
restrial magnetism, carefully studied, shows such a 
change m positiou of the maguotio poles of the earth as 
can only be explained by the theory, advanced by certain 
astronomers, that- there is an interior solid globe rotating 
under the outer shell, but not at the s^me time with it. 
Thus, there are four magnetic poles, two poles of the 
Interior globe and two poles of the outer shell, and the 
continual change of the relative position of the great 
Internal solid or liquid mass, and the outer shell, pro- 
duces a corresponding change In the position of what 
may be regarded as the mean magnetic poles of the 
earth. At acy rate, we find in this theory an explana- 
tion of these Irregularities upon the earth's surface. 



We should have the surface contracting, and it would 
contract more rapidly than the liquid matter uuder- 
ueath, and the result of that would be that it would, 
force out that liquid matter, and thus oceans would be 
formed of irlowlng liquid matter, outside of the crust. 
And we find traces— »o the best geologists tell us— of 
just such processes. We must either take tbat view, or 
else we must take the view that was adopted as to the 
nature of all the ohaoge by the German, Meyer, namely, 
that in past ages there were such great downfalls of 
meteors that, when they fell, they were converged idto 
liquid or gateous matter, which spread itself over the 
earth, and thus produced those great extensive 
regions whioh were originally in an igneous flail state. 
And here I remark— to show how one may be led to a 
theory and Imagine it to be original with him when it is 
not— tbat the very theory whioh I advanced, and which 
I supposed was a novel and startling one, vis., that our 
moon's surface had been rent open bv great meteors Hud 
that the signs of such violent contact could be r**cog- 
nlsed In the multitudinous craters of the moon, was the 
old theory of Meyer as to the former oondition of our 
earth. 

We will now have a change made in tho pictorial illus- 
trations. One remaining feature of the sun is to bo men- 
tioned—its colored prominences— In order that I may re* 
mind yon of that epoch of the earth's surface when tho 
whole surface was surrounded by glowing flames. 
Then after the first formation of the solid crust there 
forced itself out from beneath, from time to time, the 
liquid matter, not unaccompanied, We may be sure, with 
great flame. Bo that at that time, If the inhabitants of 
the moon had studied the earth, they would have found 
existing all around the solid crust of the earth great 
flames such as now exist around the surface of the sun. 

TUB KATN Or METEORS. 

You now have before you a picture representing the 
meteorlo downfall. We find much in the appearance of 
the earth now wbloh shows that tbat was taking place 
ail the time the mass of the earth was being formed, 
changing from the gaseous to the liquid oondition, 
forming a solid interior and then subsequently forming 
aorust. All tbat time there was a ooutinual pouring 
down on the whole surface of the earth of meteorlo 
matter. Then we have clear signs that some of this 
matter must have existed in large globe*. Nay, we may 
go further. I speak of these globes as large, which they 
were In reality, but they were very small in comparison 
to toe earth. I have spoken to Dr. T. Storry Hunt upou 
the subject and he feels satisfied that it is 
the true theory that those meteors whioh fell upon 
the earth, and which, when carefully examined, show 
signs of the existence of certain forms or metals that we 
assosiate on the earth with vegetation, were once 
covered with vegetation, tbat thsy were, so to speak, 
first the orbs of real vegetable life, and then, tbat ani- 
mal life may have existed upon them. We know that 
those meteors fell in such masses that there are whole 
strata or earth tbat correspond in structure with 
meteoric masses. And the strange thought is suggestea 
that there has gone toward the formation of those strata 
myriads of former meteorlo orbs ouce surrounded or 
covered wltti vegetation. 3o that the startling thought 
or Sir William Thompson— which was deemed almost too 
wild even to be seriously dlsoussed— the thought that 
life upon our earth may have commenced from the 
downfall of meteoric masses, is a thought that seems to 
have a scientific basis. 

THB BABTH WITH A GLOWING CRUST. 

We will have another picture brought ou while I pro* 
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ocod to consider the next stage of the earth's existence . 
At this stage It was surrounded by a plowing crust, 
whloh mast at that time have fc id a deep atmosphere. 
The whole of the wuter that forms oar oceans must 
hare been present In the form of steam. All this steam 
upon the surface of the earth would be raised 
into the atmosphere, and thus there would be an 
atmosphere exerting a most enormous pressure upon 
the surface of the earth. Quite apart from the intense 
heat that must naturally have existed at that stage, 
quite apart from that intense beat, we know very wel 
that under that enormous pressure the boiling 
point would be very high Indeed; and therefore the 
whole surrace of the earth, the whole of that glowing 
crust to which we have now brought the earth, would 
have continually falling upon it great streams of water, 
boiling at a very Intense heat — boiling at a much greater 
heat than our ordinary water. But that would not be 
alL Hydrochloric odd would be formed, and sulphuric 
acid— those gases that we recoguise as the great resolv- 
ers in which all the noblest metals are resolved— hydro- 
chloric acid and sulphuric acid would be coutluually 
pouring upon the whole surface or the earth. Tiiey 
would, as it were, form the matter which we 
find in our present oceans, but which, in the 
oceans of past time, must have been present in greater 
quantities. We have signs of this under what was left 
by those oceans, some of those saline or chalybeate 
springs. We find that precisely as toe atmosphere of 
old times was much more dense and complex tbau the 
present atmosphere, the same Is true of the oceans. 
With these changes taking place, the time would come 
when the chlorine was removed from the atmosphere 
and then sulphur, and nothing would be left but carbonic 
add, aside, of course, from 'the atmosphere we now 
breathe; that carbonic acid must have existed in 
much greater quantities to make the material out or 
which the strata of the earth have been formed. It is 
true that some of those strata lndicare havlug been 
formed by living creatures— that they are the mere 
shells of Innumerable quantities of creatures that 
were once alive. But, also, we find certain of these 
strata that must have been formed by the direct actiou 
of carbonic acid upon the orystalllue rocks of the earth, 
but which were thus chauged into clay. Thus cbunge* 
went on; carbonic acl 1 actually became withdrawn from 
the atmosphere, and then probably came the time when 
this process of withdrawing the carbonic acid was helped 
by the process of vegetation. 

THE ADVENT OF VEGETATION. 

Vegetation, as we know, withdraws carbonic add gas 
from the air and replaces it with oxygen. Then we 
come to the time when vegetatlou was first introduced 
upon the eartu, and we are brought b3fore the solemn 
question as to the begiuuing of life on the earth, be- 
cause vegetable life is undoubtedly is the 
beginning of life. May it be that spon- 
taneous generation was possible in that former 
state of the earth 1 1 must confess that I find myself not in 
the least hampered with the religious questions asso- 
ciated with that matter. A man of science must set 
those questions quite apart from their religious aspect, 
quite apart from the interpretations which have been 
placed upon the Word or G«jd. We may be perfectly 
satisfied that the works of God will not teach us wrong. 
We must deal with tula matter quite apart from the pre- 
conceived interpretations. Over and over again it has 
beon ascertaiucd that our interpretations are 
wrong, snd it may welL be so in this matter 
Of the creation of life. For instance, it ks 



absolutely undemonstrable that tU descriptions given 
in the Bible may not have referred to such processes of 
evolution as this I am now following; and where it is 
said that the Almighty made this or that kind of 
creature, it may be th.it it moans that he then gave laws 
to the universe unaer which they were subsequently 
formed. It seems to me that we can form no idea of 
the Almighty God as consistent as to suppose continual 
processes of creation. Any way, whatever view we form, 
we And that vegetation was Introduced at a stage not prior 
to the existence of animal lire on the earth, and is 
appears manifest that the vegetation of those days was 
much richer than the vegetation of our own time. It 
was then that those forest masses were formed from 
which the supplies of coal that we are now using were 
derived ; and in those times trees existed on a scale so 
great that all of our large forest trees would seem 
dwarfed into bushes by comparison. 

TIIE FIRST ANIMALS FITTED TO A DENSE ATXOSFHSBJL 

It would appear that (he time at last arrived when 
animal life became possible. The first creatures that 
lived we have proved to have breathed an atmosphere 
such as in our time we could not respire. That atmos- 
phere contained much more carbonic acid. They seem 
to have been fitted for life under those conditions. 

Then there was a stage when the aspect of the earth 
was strange Indeed. The whole earth was sur- 
rounded at that time by an euormously 
deep atmosphere, continually laden with clouds 
such as we recognize in the planet Jupiter. Volcaulo 
disturbances were then taking plaoe to a far greater 
extent than at the present time, and thus its atmosphere 
was having continually poured upon it fresh supplies 
of carbonic acid gas. We may well conceive that the 
aspoct preseuted by the earth to the inhabitants, if there 
were any, or the moon, must have corresponded with 
some degree of closeness to that which we have now In 
the planet Jupiter. 

We here have a representation of the planet Jupiter. 
It is supposed to be a picture of our earth at the time 
when Its atmosphere was laden with enormous olouds, 
and when underneath those clouds those operations of 
abundant vegetation were taking plaoe; when strange 
animuls exlsted,sucb as geology gives us the record of: the 
euormous saurian, with long neck stretched above those 
oceans, as the imaginary sea serpent has been conceived 
to do co-day ; peculiar animals on land, and the startling 
dactylian creature, with enormous bat-like wings, floating 
iii the dense atmosphere at that time — those creatures 
that we find provide! with enormous eyes so that 
through the darkness of the cloud-laden atmosphere 
they were enabled to search after prey. 

THE SURFACE GRADUALLY FITTED FOB MAN. 

We shall now have another picture of Jupiter, with +he 
appearance that the earth may at that time have pre- 
sented. Now at last came the time when the animals 
began to improve iu their quality and character. We 
may conceive that tfhe processes of evolution went on, 
and the animals at present existing on the earth began 
to appear. Whether that process of evolution 
led to the introduction of man upon the 
scene is a point I need not venture 
upon, for my views on that matter would be wort a very 
little, and it must be left to the geologist. At laf t there 
came the stage when man did arise, and now wt find a 
stajre when certain new processes are coming to be 
applied. Animals are goiug gradually to consume vege- 
table matter, and man is oome. He is to exhaust sup- 
plies garnered up in former ages, to use the forests for 
his purposes, and the land is gradually to bo denuded of 



Earth's Past and future— Richard A. Procter. 



41 



Its covering, and losses are to take place that can never 
be replaced. If you consider, Id looking back at the 
former stuge», 70a will find that each new stage used up, 
aa it were, the materials that had been provided 
by the former stage. la the gradual using up of car- 
bonic acid we find that the materials previously forming 
the surface of tbe earth were gradually undergoing a 
change. Then came the time when vegetation used up 
the abundant supplies of oarbouio acid gas. And then 
comes the time when animals are to use up the vegeta- 
ble supplies. Is It to be believed that the process can 
continue for an Indefinite period! It seems to me that 
the way in which man Is consuming tbe 
vegetable supplies of the earth Is such as to 
show that there must be an end. When man, the in- 
ventor of so many machines which are using up the 
supplies of coal— when mau insists upon using the ma- 
terials of the earth at such a rapid rate, we begin to see 
our way toward the end. By that means it seems to roe 
animal life will come to an end long before those mate- 
rial physical processes by which astronomers see that 
tbe earth is passing toward Its end. We see that the 
earth la parting with its internal heat ; that the great 
central son must, in the long ran, draw down to the 
stage when he will no longer have that great supply of 
heat which ho now possesses. 

SOURCE AND CHARACTERISTICS OF BNERGT. 

There will be a loss of force, a loss of energy, using 
these terms as they are beginning to be applied by men 
or science. Force is unchangeable. Onefoimor force 
changes Into another. All energy— working energy- 
may be consumed ; for instauoe. if you raise a great 
mass of matter to a great bight, you have a certain 
quantity of force available from the position of that 
body, and in tbe falling down of that body 
It may be nude to do work. In falling 
down it gives out Its beat and has no longer available 
energy. It gives out energy according to the position of 
the body before 3 fell, but It is too much spread to be 
useful. It becomes part of that heat that the earth will 
eventually radiate Into space. 80 with the sun's heat 
which, being at a high degree, is a source of energy, but 
finally, when it will have parted with that heat, there 
will no longer be energy, although the force will be 
spread throughout space and still be in existence. 

We find then the earth gradually tending toward the 
end. Is the end apart from that which will result from 
the consuming powers of man t Does it resemble the 
end we recognize In the case of the moon 1 We set In the 
moon an orb gradually dvlng out. Is the eatth tending 
toward Bucb an end as that t It seems to /ne that here 
we have introduced again the point to which I called 
your attention. Here then again we have Introduced 
that question of the prior condition of all the different 
orbs of the solar system, the larger orbs existing with 
much greater original heat and much 
greater relative quantities of atmosphere, and there- 
fore In a condition which does not tend to reproduce 
orbs in any stage, in any of tbe stages, that the smaller 
orbs pass through. In this picture of the moon you see 
quite enough of the aspect off it to say' that the earth 
will not pa*s to such a condition. The moon may be 
looked upon truly enough as an orb that is dying 
out and no longer fit to subserve the purposes of 
life. In the fullness of time it shall fall perhaps on the 
ceutrolsun or earth. In some way to give out new sup- 
plies of heat and energy ; but at present it is iu a dead 
state, und there Is nothing in its appearance to show 
that the earth will ever have this aspect. 



KO PROBABILITY OF THE EARTH BEING LIKE THE MOON. 

There is the moon with its surface covered over with 
these marks. Here is a place [oointing to the picture 
upon the screen] where the meteorio missiles have 
fallen Into the moon, corresponding In a certain sense 
to the stage when missiles of the same kind were falling 
on the earth, but whereas the earth at that stage of its 
existence had -Abundant materials out of which oceans 
and atmospheres were to be formed* it would appear as 
if the moon, by virtue of its smaller size, had not; and 
therefore all these small signs of disturbance on the 
surface of the moon have been unchanged. There have 
been none of these processes, of whloh the signs on the 
face of tbe earth have not been swept away, or if 
they exist at all exist far down below the strata 
of earth which have been formed by denuda- 
tion. Here you have again that wonderful 
scene of barrenness, and I conceive there is nothing in 
what we know of the earth to show it will ever arrive 
at this condition. Again I say that this earth 
seems very unlikely indeed to present such an appear- 
ance as that. I don't say, indeed, that the 
atmosphere of the earth can nfver fall to con- 
tinue to clothe it. We have seen that parts of 
the atmosphere have been withdrawn. It seems 
conoeivable that other parts of the atmosphere will 
gradually be withdrawn by chemical processes, and 
that then a time will come when the earth will no 
longer have an atmosphere. Then there will be nothing 
to cover the earth with those signs of volcanic action. 
Therefore, I say the final stage of the earth will be very 
different from the final stage of the moon. 

Here is a larger picture showing the proportion of the 
moou's surface aud tbe kind of aspect which the earth 
might have presented in past ages if the atmosphere had 
beeu removed from it. There you see the sigos of that 
process of aggregation. It must have resulted from 
having an outside solid crust. It would seem as if in 
that respect the moon might have resembled the earth. 
Here is a picture showing a portion of the moon's sur- 
face, which corresponds to what might have been the 
appearanoe of the earth in former ages, 

NO ATMOSPHERIC ACTION ON THE MOON. 

You see there is much to show us that at any rate no 
two orbs of different sizes paw through identically the 
same stages. Here is the earth on which we live which 
was passing through these stages whon in a very differ- 
ent condition from tbe present condition of the 
moon. The moon now has no atmosphere, and 
cannot have had any atmosphere of any apprecia- 
ble extent. If it had, those markings on its 
surra ce would have been swept away in great part, and 
the moon would be reduced to the condition of our 
earth when the heat had passed away from it. But our 
earth will never have the appearanoe of the surface of 
the moon, because those marks that might originally 
have been seen have been removed by the downfall of 
hydro-chloric and sulphurlo acids in the first place, and 
after that by tbe processes of denudation, rain showers, 
snowfalls, and especially the grinding action of glaciers. 

Now we have traced tbe earth towards its final condi- 
tion. We look to the solar system, and find also a ten- 
dency towards a final condition. Tbe sun at least will 
gradually part with Irs internal heat, and we may look 
forward to a long period during which the surface of the 
sun will be fit for habitation, simply because it retains 
and will retain enough of its former heat to be in a hab- 
itable condition. Thus can we look forward to see 
more distant changes, to see the solar system, as II 
were, traveling around some dUtant center, and 
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change after change and cycle after cycle, until, we may 
believe, the day when. In the words of the poot, 
'* Drawn on by power of nerer-«n<ling duty. 
The world's eternity begun, 
Absorbed In an eternal beauty. 

At rest on the heart of the great central Sin." 
THE UNENDING CYCLES OF THE FUTURE. 

On the contrary, iucooceivable as the notion is to ns, 
we find series on series or matter, series after series of 
time-changes. We are, Indeed, la the condition of a 
creature not knowing the fact that it was one of a race- 
that before its time others of the same race had ex- 
isted, that after it had passed away others of the same 
race would come into being. 

It seems to me that these cycles are unending, and, 
although they are inconceivable by us, we must believe 
In their continual progression, precisely as we believe in 
the infinity of space, although we cannot form any con- 
ception of that ; precisely as we believe in a continual 
progress of time, not believing, as I have seen recently 
stated in a serial in this country, that progress 
implies a beginning, because it implies nothing 
of the kind. It may be infinite in some oases, and 
we know in some cases it must be. Time and space oan 
have no limits. The space the mind tells us of is with- 
out limit— in the star depths— and so here science brings 
before us what I conceive to be the true teach- 
ing; not the materialistic, £which tells us that 
we may know everything and % may form an 
opinion as to the wisdom and power of the 
Almighty, but the teaching which, after ail. is expressed 
in the Scriptures, *' Canst thou by searching find oat 
God! Canst thou find out His wisdom unto perfection f 
It Is as high as heaven, what canst thou do t as deep as 
hell, what canst thou know!" And again, those other 
words of Job when, speaking of the wonders of creation, 
he says: "Lol these are but a portion of God's ways; 
they utter but a whisper of His glory. The thunder of 
His power who oan understand!" 



LIFE IN OTHEB WORLDS— Second Lec- 

TUBE. 
VOKE OF THE PLANETS FITTED FOR EXISTENCE— MER- 
CURY. VENUS, JUPITER, AND SATURN TOO HOT- 
MARS AND THE MOON TOO COLD— SOME SATEL- 
LITES OF JUPITER OR SATURN POSSIBLY HAB- 
ITABLE—SPACE AND TIME EQUALLY BARREN OF 
LIFE. 

Prof. Richard A. Proctor gave the second of his 
supplemental series of lectures at Association Hall 
on the afternoon of April 4. As at the preceding 
lecture, the andienoe which gathered was very 
large and appreciative, consisting; largely of 
ladies. The lecture treated of the probability and 
possibility of " Life in Other Worlds," and the 
conclusion arrived at by the lecturer, as the re- 
sult of scientific inquiry, was adverse to the popu- 
lar theory that the other planetB of the solar system, 
especially the major planets, are at present habitable. 

Ladies and Gentlemen: I have received several let- 
ters calling my attention to the fact that many of the 
audience who have collected to hear the present course 
of lectures were not able to attend the former course, 
and that, therefore, I ought not to refer to matter in the 
former lectures as though they had been heard. Of 
these letters one invites me to mention, in the course 



of these lectures, the general facts relative to the transit 
of Venus. ThesH letters I would like to answer. In the 
first place, it will noi he Just to repeat simply t«*-dav, fur 
Instance, that which I gave before, on the sun's family of 
planets ; having glvn a prospectus and lectures 
indicating that there would be a certain novelty. It 
might be a pleasaut but not a |ust thing to do, and all I 
can *ay in reference to the request, ts to touch on those 
matters which are necessary to make my subject com- 
plete, and to touch tbeui sufficiently to demonstrate the 
facts necessary, but to make the subject, so far as pos- 
sible, new. In regard to the transit of Venus, I think 
you have had enough of It. It is not a subject which is 
perhaps specially inviting, and therefore I do not think 
I shall devote any portion of these lectures to the treat- 
ment of it. 

FUTURE MEANS FOR MAN'S EXISTENCE ON BASTB. 

Now I pass to the special subject of to-day's lecture, 
in which I am dealiug with the subject of other worlds 
than ours, need I hardly say, the sun's family of planets, 
and I propose to-day, instead of giving my consideration 
to the distinction which exists between the two parts of 
the two families, to discuss that subject with 
special reference to the new theory to which I have been 
led. Brewster's theory was composed upon the Idea 
that other worlds, the placets and the satellites, 
and possibly the suns themselves, are the 
abode of life, aod were intended to be the 
abode of life, not merely for a portion of their 
existence, but for all time. TUat is Brewster's theory, 
and it may be considered a theory of the plurality of 
worlds carried to its utmost possibility. Then there is 
the theory of Whewell. I shall hardly speak of lc as if I 
believed he really had any theory on the subject, but he 
wrote a book to show what there was on the other side 
of the subject. Still it is a theory which is associated 
with his name, but he really wrote the book on the 
Plurality of Worlds to show that our world is the 
only Inhabited world, and that there are Just 
reasons for so regarding our earth. The view to 
which I have been led is this. I take the analogy of our 
earth, and looking back through lta past history, I find 
that long before life began on the earth, even if we take 
the lowest kirms of life, that long before then, the earth 
existed as a globe, glowing with Intense heat, and for 
many millions of years, a muou lonxer tima than she 
has been the abode of life. Preceding that time there 
was a much longer period when the earth was a mare 
mass of vaporous matter. T<ien looking forward to the 
future, we seem to see the time approaching when the 
earth will case to be tit for the ab^le of life. We oaonot 
tell when that time will be. it may be that the higher 
forms of life will first suffer ; that the qutlity given to 
man by whloh be has the power of exhausting the sup- 
plies garnered in the earth, that quality in which man 
differs from the brute creature who lives on what the 
earth produces— that quality may enable a man, to his 
misfortune perhaps to consume these substano-'s ; that 
at last life will be impossible to the human race. 
It may he then that man will first perish from 
the face of the earth ; after that there will be a time 
when animal life will continue and vegetable lire may 
remain as the last form, as it was the first form of life 
on the earth, and with these will follow more changes, 
spoken of in the books of astronomy— the changes mate- 
rial and physical, by whloh the earth will be rendered 
unfit as an abode of life ; or It may bo that lire will cease 
first through the fact of these changes. Now in regard 
to the future of the earth as an abode of life, we oan 
form no satisfactory opinion. We find, as the opinion of 
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the geologists, that the interval of between one million 
and ten millions of years is the probable time during 
which animal lire will continue on the earth. Looking 
forward to the future we have no satisfnotory means 
for our mildance. We might even say a few 
thousand years was the limit of time in which 
the human race could exist with anything 
like comfort. W> do not kuow, however, what powers 
man mav have to employ the means garnered upon 
earth. He mav by some 03ntriv.ince, as Ericsson has 
suggested, be able to use those parts of the sun's heat 
which are at present wasted and lost bv radiation. He 
may construct instrnmeuts so as to garner up these 
supplier. One way of Ericsson's ie this: There Is a 
possibility that you might have the sun's heat gathered, 
that falls ou some desert place, and* the whole of it em- 
ployed in lifting up great bodies, and these might be 
the means of driving machinery. It might be gathered 
together in what we may call sun machines, and so em- 
ployed to drive engines and do that work for which coal 
is now used. It may be that Is the future to which 
man's ingenuity tends. 

THE EARTH'S CONTRACTION BALANCING ITS RETARDATION. 

It seems to us to He within our range, seel nor certain 
physical and natural processes, to say that toe earth 
will one day be the scene of death and desolation. One 
of these corresponds with the moon's cbauireln rota- 
tion by which it was worked down until its period was a 
lunar month. The earth has a tidal wave, whloh is act- 
ing as a sort of brake, and slowly but continually 
reducing the earth's rotation. Tou will remem- 
ber that in the former course of lectures I dwelt 
on that fact. I have since beard news 
which will bo gratirying news for all those who may be 
terrified with the idea that in a few millions of years 
that state of affairs would be brought about. Prof. New- 
comb tells me that recent observations on the moon, 
since 1868, show that the moon Is running away from 
her calculated place. Some change is taking place in 
the moon's motion. Astronomers have too thoroughly 
mastered the lunar theory to bo in doubt about that. It 
must be that a certain change Is taring place In 
the earth's rotation, and not of the kind I have 
spoken of— not retardation. It is increasing In rate. 
Here is a strange piece of Information, not the first 
brought to us, by the' companion of the earth, Its 
satellite, the moon. It seems to show a retardation m 
the moon, and we know from that that the earth is 
accelerating her motion. It is shown, too, that It is not 
uniform. We can understand the retardation of the 
earth, the great tidal wave being opposed to It; but 
what are the changes which are leading to this aooel- 
era- ion f It seems to me in this way. It is a process of 
pooling. The earth is gradually contracting, and 
that leads to a hastening of the rotation, and 
that hastening is to be regarded h8 counterbalancing the 
brake action of the tidal wave. Now it seems as if it 
more than counterbalances a portion of that, but for 
some reason or other that change is taking place more 
rapidly than any other. The irregularity is then a pro- 
cess in the interior of that plastic ocean that lies be- 
neath. It Is a curious law, but we must accept facts as 
they are presented to us. We thought the earth was 
losing In its rotation, and now we find it is gaining with 
a variable rate of gain, and there is no clear evidence 
that is ts going to lose its rotation in any measurable 
manner. 

There is another change by whloh the earth must 
gradually be drawn in near to the sun, that the ether 
must compel the earth to travel more and more inward. 



until at last it must fall Into the sun; but the period is 
so long that to our conception it is an infinity of time, if 
we only recollect the extreme rarity of the ether that 
occupies space. Prof. Whewell studied Encke's comet, 
and was led to this result : a man drawing a full breath 
takes in as muoh air as would form a globe throe inches 
In diameter; in order to take in as muoh air at the 
pressure on Encke's comet he would be required to draw 
in a globe 6,000 miles in diameter. If the earth is to be 
checked by an atmosphere like that it must be in a period 
of millions of millions of years, and we oan hardly doubt 
that before that this earth will have ceased to be the 
abode of life, so that whenever the earth falls into the 
sun there will be no destruction of life on the surface. 

MERCURY NOT THE ABODE OF LITE. 

Now we will have the room darkened while we apply 
these considerations to the various planets. I shall have 
to mention a few facts from .my former lectures, but I 
shall take them for granted and bo proceed to apply 
them. 

The planet Mercury is not studied under favorable cir- 
cumstances. When It is nearest to us it presents a 
crescent shape, and when it* full front is toward the 
earth, it is smaller on account of its greater distance. 
But we feel quite satisfied that it oan hardly be the 
abode of life such as we are acquainted with. The sun 
pours upon it with from four to ten times as much 
heat as we bavo. In this pioture you see the son in 
thevanou8 sizes as seen from the. different planets. 
The upper pioture shows it as seen from Mercury; here 
as seen from the earth, from which the comparison can 
be made. Here we have illustrated before us the enor- 
mous supply of heat poured on Mercury. Upon Venui 
also it is greater than upon the earth. Another pic 
tare shows us Ihe appearance of the sun as sees 
from Mars. Another shows the appearance 
from the. asteroids. But I want to call yous 
special attention to the sun as seen from Jupiter. 
Saturn, and Neptune. I shall show that the sun is not 
the cause of the changes there, and when you see the 
smallness of the sun as seen there, comparing it with 
the sun we see, you will see that both in Jupiter and 
Saturn that tiny sun oan not produce the effects that are 
ordinarily ascribed to it— changes of great activity that 
we caunot believe to be brought about there by the 
insignificant sun that would be seen there if those wert 
inhabited worlds. 

VENUS NOT YET HABIT ABLE— CONDITION OF THE MOON. 

I pass from the planets Mercury and Venus rapidly be- 
cause we have so little telescopic information of them. 
It- will probably dispose us to regard them as intended 
to be the abode of life but not that yet. Only when the 
sun has lost the fourth part of his beat in the case of 
Mercury, and in the case of Venus one half, will they be 
inhabitable. When the sun has lost half of his heat, the 
time will come when Venus will be inhabitable. It will 
then be with her as with us now. So we look forward 
for millions of years when she will be inhabited as this 
earth is. It may be that the planets are inhabited only 
for a short period, and not necessarily ootemporaueously. 
Here is Venus. You will see that there are certain 
markings. I would call your attention to the great 
benefit of the clear atmosphere of America in observ- 
ing these marks. In England they say they can watch- 
them and see them in the periods of the rotation. The 
large telescope at Harvard and the other fine ones of 
Alvln Clark and others fall to show them. Toe subleot 
seems to me very muoh as if It were an optical delusion; 
that she shines with so muoh light that the eye is de- 
ceived. Three other picture! of Veixs will be shown, 
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Indicating on a more correct plan the delicacy or these 
markings. We see some signs here of an atmosphere, 
which is so necessary to life. There you see the twilight 
circle. Hero It becomes more marked, and yon see 
there is a possibility of life, as It depends upon the ex- 
istence of an atmosphere. 

Now we will pass to the plnnet we are able to study to 
the beat advautage, our moon, which we are so used to 
regard as a mere satellite, but which Is a planet having 
the same path around the sun as we have. We are so ao- 
ci.-uomed to regard the earth as the center of the solar 
system, that wo forget that she Is a planet like our own. 
fl'.ie is a planet circling round the sun, having nearly the 
same path as we have. We will now have a picture of 
the niooa brought on the screen, showing the relative 
size of the earth. Now let this be remembered. Ton 
consider the diameter of this lesser orb, and It is about 
the fourth part of the. earth. The surface of the 
moon is abuut the thirteenth part, but the volume 
does not bear so great a proportion. It is a little more than 
the fiftieth pare If we assume that the same quantity 
of mutter existed, of the same oturaoter as on the earth, 
there will not bo the same amount for each square por- 
tion. Ho the oceans would have been less relatively. 
We don't find enough traces of atmosphere on the moon 
to suggest that theory. In my last lecture I spoke of 
the ohanges in our atmosphere. That at first 
there was chlorine, sulphuric acid, and car- 
bonic acid, with some steam. We know tbat 
the steam formed the oceans. We know that 
the chlorine and sulphuric acid were gradually used up 
in forming chemical combinations and then the carbonic 
acid was withdrawn by the processes of vegetable 
growth. These changes show bow the atmosphere may 
be gradually reduced in amount. I mentioned that it 
probably had greater density than now. It was with- 
drawn and reduced In quantity, and it may come to an 
end. There may a time come when it will gradually 
have been consumed in some chemical processes, com- 
bining with tne various earthy substances— those that 
form the surface of the earth. In the case of the moon 
that process may have been performod, and so in it the 
atmosphere has been reduced to its present small 
amount. 

THE MOON'S SURFACE VASTLY DIFFERENT FROM THE 

EARTH'S. 

This is a picture of the moon in its first quarter, and 
you see it is covered with craters. We find here much to 
teach us that we are not to think of other world* from 
our own case. We see that the moon could never have 
passed through the stages that we have. It must have 
been unfitted for the anode of life. Life would have 
been endaugcred by the continued downfall of meteoric 
matter, suggesting the idea that the higher forms of life 
could not have existed there. There we have 
the moon tending toward the full, and we 
recognise nothing of those things that are re- 
cognized as necessary to life here, at any rate 
to the higher forms of life. We see, then, that the moon 
has passed through the stage when life was possible. 
We are not to regard all the planets of the solar system 
as at present the abode of life. We pass from our earth 
to the next in order of distance, and we find signs that 
there is no life. If that analogy be extended, the state- 
ment may be made that life upon any planet is not at 
present existing, or the time is past or is yet to oome. 

There is much to show that the time life lasted upon 
the moon was very much shorter than the time life 
may last upon the earth. We find, also, in the oase of the 
•man orbs, that a small orb radiating its heat into space, 



having a volume not correspondingly targa, parted with 
its heat more readily, aod I think we are led to the In 
ference that the smaller orbs like our moon only- 
remained for a very short time the abodes or life. The 
theory of Dr. T.Sterry Hunt was riiat the meteors travel- 
ing around the sun were the abodes of life. Tjo metals 
in those meteors indicate a former condition s when 
vegetable life must have been present. Then, acain, he 
fiuds hydro-carbon, and, therefore, he conceives the 
strange thought that in the first stage of their existence 
they were covered with vegetable growth. 

THE QUESTION OF SPONTANEOUS GENERATION. 

But if we assume that then the smaller orbs must have 
existed only for a short time in that condition which 
was favorable to life upon its surface, this other thought 
is suggested that that vegetable life umst have been 
produced spontaneously. It seems to me if only Dr. T. 
8 terry Hunt can establish this view, that vegetable life 
existed, we have forced upon us the conclusion that 
spontaneous generation is the true law in those cases, 
and the controversy between Bustian and Huxley must 
be settled eventually in favor of the believers in 
spontaneous generation. It would almost seem as if 
there were a stage in the existence of any orb when 
vital force was present in the orb itself; and thus spon- 
taneous vegetation roust have been produced. This 
would correspond to what we know about (he chemical 
elements, which immediately after being separated 
from chemical association, possess a curious power of 
affinity by which they tend to proceed directly toward 
a higher stage than of the elementary condition, the ani- 
mal condition ; and it would suggest the possibility that 
there is yet another stage when vegetable matter is 
read? to pass to the form of animal life, when sponta- 
neous generation is possible. Before that it is impossibles 
afterwurd it is impossible. At a certain stage, however, 
it appears to be possible. 

Now wo will pass from this picture to another which 
tends to show the evidence on which some astronomers 
were disposed to believe tbat some creatures existed on 
the moon who possessed the power of making fortifica- 
tions, and they point to the fact that owing to the small 
gravitating power of the moon it would lie possible for 
creatures of the same size as man to erect much larger 
buildings, and so large, indeed, that the slims of those 
buildings might be recognizable from the enormous dis- 
tance at which we view the moon. But we know that 
theory is disproved, and wo can hardly conceive how 
creatures otherwise constructed than we could have the 
reasoning power to build those. 

APPEARANCE OF THE MOON'S SURFACE. 

Now wo will have a picture illustrating that point. 
There yon have the great black shadows which we find 
tbrown, there you have the minor shadows, and there we 
find the evldenoe of the absence of atmosphere, and we 
recognize the fact that if there be inhabitants of the 
moon tbey would have, even at the time when the sun's 
rays were poured on the surface of the moon, a perfectly 
black sky. There yon have a picture showing the moon 
as her surface probably exists at the present time, those 
enormous craters indicating the action and downfall of 
meteoric masses, and very little to suggest the idea that 
life at present exists. 

We will have now two pictures brought on in rapid 
succession, illustrating the way In which artists havo 
endeavored to pioture the moon, with enormous circular 
craters. Buppose the case of this crater (pointing it 
out), remembering tbat it would have a diameter of fivo 
or six miles— tho great crater, Copernicus it is called— 
do you not feel that the outbursting of so small an orb 
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86 the moon could never require each a ercat orifice In 
which to manifest the outlet 1 It seems to me tbat there 
▼ere downfalls of meteors, and tbat those great masses 
faUinsr down, as Myers conceived, upon the moon, pro- 
duced these enormous craters. 

i 

The artist has made a slight mistake here. You will 
see that the floor here upon which these smaller craters 
are shown lies quite high from the surface of the moon, 
but it uppears from a careful study that the floor? lie 
rather below the surface. Instead of being, like iEtna 
and Vesuvius, above the ground, they are probably de- 
pressed below the general level, precisely what we 
would expect if great meteoric bodies forced their way 
down, and the place where they had fallen had been 
covered over with a slow filling up of plastic matter. 

PROF. MORTON'S LUNAR PICTURE. 

I wish to correct a remark made in my former course 
of lectures about these pictures. You have one here 
drawn by James Hamilton of Philadelphia. In my former 
course I told you these pictures were drawn by him, and 
then t showed another picture, remarking that It was 
drawn with much less artistic skill. The real fact 
Is this. Just before I gave the lecture, a letter 
from Prof. Morton was placed In my bands 
and while I was still arranging the pictures, glancing 
over the letter, I found this statement made, that the 
pictures were drawn by James Hamilton, except one, 
which was drawn "with much less artistic skill." I 
forgot the uatural interpretation I ought to have put 
upon that letter, for, knowing Prof. Morton's dlsln- 
tereste 'ness and modesty, I might have known that he 
was the artist of inferior artistic skill, and that it was a 
little mere self-abnegation. Beading the letter and 
stating the facts I simply brought them out as In the let- 
ter; and there was Prof. Morton present all the time and 
allowing me to state it. [Laughter.] We shall have this 
picture brought on the screen. I think there is much in it 
Indicating great artistic skill, and not ooly so, but there 
is a dear recognition on Prof. Morton's part of the way 
in which the craters must have appeared. 

(With these delicate words of compliment the picture 
was exhibited.] I think this is the real appearance the 
craters must have presented on the moon— .«auoer-shaped. 
Here Is a little work of imagination— a little village with 
a church, corresponding to the suggestiou made about 
requesting Sir John Her*oheI to advise some mouns by 
which religious Instruction might be conveyed to the 
benighted inhabitants of the nioou. [Laughter and 
applause.] 

I have another remark to make about this picture. 
I laughed about this picture, saying tbat it was a mere 
fancy of the artist. But It would appear that some gen- 
tleman has constructed a picture of this sort, and as- 
gaming this was a photograph taken from his picture , 
he grew highly indignant and wrote to The Tribunr, 
saying that he had good reason for placing upon his pic- 
ture that little village and that little church. His letter 
abused me In round terms for taking that little village 
to task. The fact is, I did not borrow from that artist, 
did not even know his name, and the picture I really 
used was this one of Prof. Morton's, and I am sure he 
would not be angry were 1 to suggest the probability 
tbat villages do not at the present time exist on the 
noon* 

THE COKDITIOH OF MADS. 

I shall now pass to the consideration, of the planet 
Mara, introducing a picture showing that tills oue 
planet is the only one which gives signs of being the 
abode of life. Here wo have learned that these rugged 
regions arc continents, and these dark regions are 



oceans. We know certainly that they are oceans, and 
that the familiar water, such as we drink, exists in the 
planet Mars. We know it as certainly as If we had sent 
some one there to bring us back a pint o* 
it to analyse, and* therefore, when we see great 
wide regions hiding over these well-known marks on 
Mars, we know that they are clouds, and therefore we 
know that storms, rain, sun and clouds exist there. 
Then recognizing the fact that there are continents 
above the general level of the ocean, we know those 
rains must find their way down to the ocean, andean 
only do so alone brooks and rivers, gradually growing 
larger until they pour their water* upon the ocean. We 
have then all the terrestrial slgus, so to speak, that we 
recognise as in the case of our earth, marking the latter 
as the abode of life. 

It may be thought at the first view, that we have a 
planet which we can hardly dismiss from the list of habit- 
able worlds. But. first of all, M tr* is a much smaller 
planet and must have had much less inherent heat 
and, therefore, on that account alone bo a much oolder 
planet. I reminded you of the apparent slse of the sun 
as seen from the planet Mars, and how much smaller It 
appeared than the sun we see. Then the probability is 
that Mars, being relatively smaller, the atmosphere 
would be rarer relatively, and cold would result from 
that also. All the facts about Mars suggest an Intense 
cold, which would ronder life impossible to creatures 
constituted as we are. 

Here is another picture showing the planet Mars and 
the extent of lts.polar snows. The extent of these polar 
snows is not so much greater than those on the earth as 
to force us to believe that there is a much creator de- 
gree of cold. There (pointing to the picture) aro the 
polar snows In the Winter time of that planet, and here 
you have the polar snow in much smaller, extent in the 
Summer time. But you must recollect that if the quan- 
tity of water is less than on our earth the vapor would 
bo less and the quantity of snow or rain fall would be 
less, and therefore less than on our earth. Here is an- 
other picture showing yon these same polar snovrs more 
perfeotly. Here you see they extend to a degree of alti- 
tude corresponding in Mars to that of New- York, 
and showing that in the Winter time an exceed- 
ing bitterness of cold must prevail. But I think we 
must not apply that question of snow to the ordinary 
analogies that we have in the earth. We must take into 
consideration that a great Intensity of cold mu«t there 
prevail, and if Mars wa*» Intended to be the abode of 
life the time has now passed when life could have ex- 
isted. The conclusion forced upon us is that the rela- 
tively small extent of the oceans, and therefore the rel- 
atively small atmosphere of M'irj, precludes the idea of 
that planet being the abode of life. 

Here is a map of M&rs, aud you see the way in which 
oceans and seas are mixed up together, with no excess 
of ocean, as in the case of our earth. Another curious 
fact about Mars is the way in which travel would be 
possible from any one part of the planet to another 
without leaving any particular clement that a person 
most desired to remain on. He may go on land or water. 
Just as he likes. He may go all over the planet on land, 
and visit any part of it, or he may travel all over it by 
water, and visit every river, bay, ocean, and lake. 

THE ASTEROIDS— DOES NATURE WASTE f 

And now wo pass from these planets with the thought, 
as I conceive, that we have not yet found any one of 
them that can at present bo the a*)ode of life. In the 
case of the moon and Mars we soeui to see that life has 
passed sway, that those planots have become rof rigor* 
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ated and life no longer exists npon them. Of the Ave 
worlds around tbe sun two are too much heated and two 
are too cold. Why should we insist upon regarding the 
present time as that to which our reason- 
ing should apply! It is, of course, the 
great time for ourselves, but it is not necessarily 
the special time to which our reasoning should 
upply. We should regard the past time when Mars was 
inhn bleed or the future time when Venus and Mercury 
will be the abode of life. There is no special reason for 
regarding the present time, any more than any man has 
in regarding his own time as necessarily the most im- 
portant so fur us the earth is oonoerned. So the exist- 
ence of this earth is the most important time for the 
inhabitants of it, and there is an end of the matter. It 
is not, however, the most important time for other 
worlds, aud we have no reason for taking this time as 
the proper time 10 which to say that this or that orb 
liiun bo inhabited at the present time. 

Now ue will pass to the curious family of planets 
which travels between Mars and Jupiter. Here you 
have, in the first picture, the scale on which those 
planets are formed— Pallos, Juno, Testa, and Ceres. 
The whole mass of these planets combined is very much 
less than Mars. Many yet remain to be discovered, and 
thus we recognize a scheme or millions of orbs. If they 
follow the game law as the other planets, theu, being 
much smaller than the earth on which we live, it must 
have been very long ago when they possessed inherent 
heat enouffh to be the abode of life. They must have had 
it but a very short time, as they would have parted with it 
very quickly. Thus we have presented for contempla- 
tion the strange fact that millions of millions of years 
ago these planets were the abodes of life, each for Its 
own brief period. 

Is there, indeed, a waste! Are we to regard those 
little orbs as indicative of an enormous waste in nature! 
Waste seems to be the law of nature. We Judge of 
wa*te because all our ideas are limited, so far as tame 
and space are concerned. But we cannot apply our 
Ideas to infinity, and where there is an infinity of matter 
and of space we oan hardly say there is a waste. Sup- 
pose a hundred years, or a thousand, or a year 
or two, or a few days only, to be the time 
during which life has lasted on those small 
orbs. The earth brings to our knowledge the fact that of 
the number of seeds falling from a tree — perhaps only 
one In a year— in many years often may produce a tree. 
Bo it 8or m s to us waste. The idea of waste is continually 
brought before ns. So it is with the planets of the solar 
system. As we measure them by human analogy there 
seems to bo au immense waste, but as there is an infinity 
of time and space, there can be no waste. 

And before wo pass from these smaller planets I would 
remind you of one groat sign of waste in our own earth. 
The only part Inhabited is the surface. All the central 
mass seemR to be waste, so far as we apply our mode of 
measurement, so long as we regard human life as the 
great test and measure of the Almighty. When we con- 
sider that enormous number of millions of cubic miles or 
matter which have no living creatures existing within 
tbem, we are amased at the apparently euormous waste. 
Only a thin crust of the earth is inhabited. 

Here are pictures of the planets suggesting curious 
thoughts as to how these planets may pass each other 
within hail I ncr distance, and, therefore, during the long 
past time when those planets were the abodes of life, the 
living creatures upon them might have exchanged ideas 
with the creatures of other planets that traveled mil- 
lions and millions of miles away from tlftm. 



THE GREATER PLAWET8. 

We will now pass to Jupiter and Saturn. We jave the 
clearest possible evidence that these planets are not the 
abodes of life. I showed you how that tiny sun poured 
on Jupirer. Here is Jupiter marked In this strange way. 
Here are great streaks showlne* signs of great disturb- 
ances taking place in those belts. This slanting streak 
shows signs of great forces being at work; 
this streak— which had, be it remembered, 
an enormous surface— for you must keep hi 
mind that when you are dealing with Jnpff*r 
you are dealing wHh a planet whose diameter is ten 
times that of the earth. The whole surface or tbe earth 
would not be more than this portion of the belt which I 
now Indicate ; and a surface equal, probably, to the 
whole of our contioent was perceptible in an opening 
through which the dark surface below could be seen. 
Now this strenk changed from its present position until 
it was slanted right across one of these belts, and cor- 
responded to the motion in that atmosphere at the rate 
of 200 miles per hour. That motion continued upwards of 
six week*, and we must accept tbeiuference that a great 
hurricane was blowing, shifting this great open space In 
the cloud Uiyer gradually, so far as the facta are con- 
cerned, but shifting it with enormous rapidity, ao far as 
the planet itself is concerned. That is a disturbance 
which, if it took place upon our earth, would sweep life 
away. It was not merely the streak that was dis- 
turbed, but the whole surrounding matter. Tbe 
whole of that region was swept by a tre- 
mendous storm blowing at a rate twice as 
great as all the storms on the earth— competent to de- 
stroy the buildings and the ships, and to tear down the 
forests. It went on blowing, not as our hurricanes do, 
with a certain obedience to the sun. We know our hur- 
ricanes gain and lose force witb a change corresponding 
to the progress of the day. But here was a difference in- 
deed. It was carried around and around for six weeks 
without showing the slightest effects of the suu's influ- 
ence. • 

It seems manifest, then, that in the case of Jupiter we 
have a planet full of inherent energy, competent to load 
its atmosphere with enormous cloud masses. We find 
that tbe shape of the planet ohanges so that the planet if 
sometimes drawn inward in sucn a way that the satel- 
lite passes across the planet, aud is in ten minutes out- 
side the planet, as if the planet had shrunk in. So here 
is an atmosphere so dense that the density would be 
greater than that of tbe heaviest metals, and we know 
nevertheless the true weight of Jupiter, and we know lis 
density is only one-fourth that of the earth. Wa 
find in Jupiter the same reason for a small density as 
in the earth, or in other words a great heat. That 
great planet— the first subordinate aggregation in the 
solar system, and containing more matter than all the 
other planets put together— must in the first processes 
of its construction have engendered an enormous heat, 
and that u ould not pass away so quickly as that of the 
earth, and the planes would reuiuin much more heated 
thxn this earth ; and doubtless, we still see in the planet 
a condition where life is utterly Impossible. 

POSSIBILITY OF LIFE ON JUPITER'S SATELLITES. 

But I told you we fouud reason to suppose that tta 
planets around Jupiter are the abodes of life. We find 
those satellites have a surface larze enough to enable 
them to be fit abodes for living creatures. 

The largest one of them is larger than the moon, and 
the others are. about the same sizo. We find in dealing 
with them ' the same fact that we found in tbe moon, 
that, being smaller bodies, the heat would pan rapidly 
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away and the time fitting for life would be smaller. So 
the chances we have to find life on them Is smaller. 
Upon rhe earth we find millions or years that lire was 
possible, and millions of years before and after. In the 
satellites perhaps we have only to deal with thousands 
of yenrs. Therefore, taking the present time, we find the 
ehanoes very much reduced, beeause the Interval when 
life is possible is very much smaller proportionately than 
here. You see the larger of Jupiter's moons is a large body. 
Still you recognize that these small orbs could not re- 
main so long the abode or lire. Even if supplemented 
with the heat of Jupiter, only one of them can possibly 
be Inhabited at the present time, and probably not even 
one or them Is so. You see you must go back Into the 
past or into the future to find the time. Here is a curi- 
ous relation of the satellites of Jupiter which is well 
worth noting. In the uppermost picture you will see 
all the three satellites in a straight line. The lower 
picture shows them in a different arrangement. You 
see they must circle around like the hour hand, the 
minute hand, and the second hand of a clock'; so they 
have a certain orderly motion that brings tbera time and 
acaln luto a straight line. They are so adjusted that 
they will continue this forever. 

THE SATURNIAN STSTElf. 

Vow that picture will pass, and we shall have a picture 
of the planet Saturn. There you have a picture or 
the planet Saturn. I conceive that 'this planet is 
doubtless Intended to support life, and afterward 
to be a scene where life will exist; but still I reel that it 
Is not so now. We have these enormous belts, with signs 
that the atmosohere changes In shape. It seems to flat- 
ten at the poles and bulge out at the equator, and 
these must be of such enormous extent as to 
render life impossible on the ring planet. It 
1 -s an orb still too active to be the abode 
of life. Another picture will show you the changes, 
in which also you will notice how large a portion is 
hidden from the sun's rays by the belt. That dark mark 
Is the shadow oast by the belt, and on all the planet that 
is behind it there is this great dark shadow. Let us 
inquire whether that arrangement is such as to nocom- 
m odare the wants of living inhabitants. On this part of 
the planet where there Is Summer, there is no shadow 
of the ring, but where the Winter is there is no sun. 
Therefore the cold, ir there is no inherent heat, of that 
Winter, Instead of being moderated by some effect or 
the ring, or heat reflected from It, is enhanced by It. 

If we are to believe that all the orbs have been in- 
tended to support life, In this ring we have a family of 
orbs. It Is made up of a multitude of minute satellites. 
No astronomer has seen them, but this dark portion ha^ 
been said to be dne to the fact that there we see throng j 
the ring between a number of small satellites. That 
view might be accepted if that was the case. Pelrce 
and Bond of your otountry and Maxwell of my own 
country have shown that if it was a solid, it would have 
been broken np and been thrown In fragments on the 
surface of the planet. Now a ring made up of small 
satellites could possibly exist, and the thought is sug- 
gested that thev are intended to be the abode of life. 
If we take Dr. T. Sterry Hunt's view, we can hardly 
refuse them to be the abode or life, of animal lire and 
vegetation. Then there would be accidents all the 
time, a aeries or collisions, producing a widening of the 
ring. So you seem to see these multitudinous collisions 
may result In a constant destruction of life. 

Here you will see disturbances in the equatorial belt. 
You will aee with the aid or the great power or the tele- 
scope, great cloud-like masses. Changes of color have 



been recognised in them. A milky white color had 
changed to a ruddy color, to different shades of ruddi- 
ness, and again back to the original white. We seem to 
see signs of internal activity of the planet; that the sur- 
face below Is of a red heat; that the planet below the 
cloud, layer is glowlug with a red heat. I think we may 
safely say that both the planets Jupiter and 8aturn are 
still glowing with ruddy surfaces. This picture shows 
the length of the Saturnlan year. These are the shapes 
shown when the planet is looked at through the tele* 
scope. It gradually opens and closes In this manner , 
and these changes require for their completion 39 
years, or thereabouts. I think there again we 
have the thought that the planet cannot 
be the abode of life. We know that behind the ling, In 
that portion on which that black shadow rests, we 
should find ihe coldness or death. Now we will have a 
picture of the planet with the ring withdrawn and the 
great shadow shown. It grows wider and wider, spread- 
ing out, not with a rapid change, but taking seven and a 
half years to pass to this last appenronce. Then It 
slowly passes back into its former state, taking nearly 
seven and a half years to do so. It takes nearly 15 
years to go through these changes. When you consider 
this enormous shadow you must think there is not the 
adaptation to living creatures which we recognise as 
necessary. Here, on this earth, we find the most per- 
fect adaptation between the requirement* or living 
creatures and the planet itself. What creatures are 
there living here who could exist on that planet in this 
long Winter I I have calculated that In some places In 
the latitude of this part of America, of Madrid and 
Borne in that latitude, there would be an eclipse lasting 
seven of our years. Therefore we seem forced to the 
theory that Saturn Is not now the abode of lire, nor in- 
tended to be for millions of years, but among Its satel- 
lites there may possibly be a different condition. But 
there again we find bodies so small that the chances are 
verv small that this Is the time when lire Is existing 
there. 

BARRENNESS OF TIME COMPARED WITH THAT OP SPACE. 

These views may appear at first eight< somewhat new 
and startling, and the thought especially of the enor- 
mous waste that exists may occur to many, but it must 
be remembered that one or the great results which sci- 
ence teaches us is that we are over and over again mis- 
led by the want of knowledge. If then we look at the 
whole of the solar system and And nothing to lead to the 
belief that any one of these great orba is Inhabited, 
there is nothing in that which reflects upon the wisdom 
of the Creator. When we pass from our earth and the solar 
system to other systems in the infinity or space, what 
opinion are we to form f I think the same general 
opinion : Our solar system Is the abode of life, because 
our earth Is inhabited. A question arises here : Has 
our solar system been continuously the abode of life I 
When it began on earth, had there been life in any 
other planet t When it ceases on earth, will any other 
planet oease to be inhabited t This earth is passing to 
its end, and when life has passed away from it the solar 
system will be a scene or desolation, with no lire upon 
it, and then will come the time when the next satellite 
will be the abode or life, and so on for the future as in 
the past. 

The time during which life has existed on the solar 
system, has only been this short time or that short time, 
separated by enormous intervals when there was no 
life. I think if we take the analogy of space, compare 
space with time, the analogy will be a true one. As one la 
inconcel vabie,so is the other. And what do we learn about 
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space t— ; that the occupied parts of space are Infinitely 
sin all compared with the unoccupied parts. If you tuke 
the so'ar system, the distances between the planets com- 
prised in it aud tbe occupied parts are inconceivably 
small, comparatively. If we take the distances of our 
solar pystem from other solar systems, we still find the 
occupied spaces Inconceivably small compared with 
the vacant spaces. 80 I think we may lastly take 
the analojry of apace and time, and believe that the oc- 
cupied parts of time are Inconceivably small compared 
with the duration of the time when no lire has existed. 
It may appear to our conceptions that In taking this 
view of our universe we are calling up a scene of great 
barrenness and desolation. After all it is the same with 
spaoe. and we must take these matters as we find them. 
Let us take the evidence that is brought 
before us and not insist upon this 
or that theory according as it seems 
natural to our conceptions. If we find great depths of 
space we may well believe that tbe infinite duration of 
time is only broken into at inconceivably great Intervals 
by the periods during which life has existed. At any 
rate science has brought that before us, andit seems the 
most probable view of the matter. 

We are led to reoognizo the flniteness of our concep- 
tions, and we must be continually misled in applying 
finite conclusions to infinite matters. 



OTHEB SUNS THAN OUES— Third Lecture. 

ANALOGY BETWEEN OUR BUN AND THE FIXED STARS 
—PROSPECT OF EXHAUSTION OF THE SUN— STARS 
THAT ARE UNFIT TO SUPPORT LIFE IN PLANETS 
—THE GLORIES OF COLORED SUN8— VARIETY 
RATHER THAN UNIFORMITY THE RULE OF THE 
UNIVERSE. 

Mr. Proctor delivered his last matinee lecture, 
the third of his farewell series, at Association Hall 
April 6. The subject, "Other Suns than 
Ours," required an illustrated description of 
almost the entire heavens, as well as 
ipecifie remarks upon the brightness, colors, 
and motions of the stars, the nature of the 
Milky Way, and the hypotheses of the lecturer and 
other astronomers as to the constitution and extent 
of the starry hosts. The audience was large, and, 
as io the previous lectures, mainly composed of 
ladies. The arrangements for darkening the hall 
were perfect, and enabled the numerous and beauti- 
ful illustrations to be exhibited to great advantage. 

Ladies and Gentlemen: In the last lecture 

i dealt with the question of life in other worlds, consid- 
ering the state or tbe various planets, and taking the 
snalogy of our own earth as tbe guide. In my lecture 
to-day Lshall consider the probability that the various 
itars that we see, are at present the centers of schemes 
of worlds, and that in those worlds there may be life ; 
rod shall touch also on some of the' conditions under 
which life may exist in those worlds; but before I pro- 
ceed to the subject I would remind you that in dealing 
as I have done with the theory of life in other worlds, 
I have not been guided by mere fancy. It has not been 
merely the expression of an opinion that this or that 
theory ha* been better than some other theory, but I 
have presented the subject as modern knowledge affords 
us the light. Wo have truo analoglos to deal with, and 



not false analogies, and as knowledge increases we are 
able to prove our estimate of what this earth teaches us. 

THE BASIS OF ANALOGY. 

For example, when Brewster was advancing tbe 
theory that all the orbs in space are the abodes of life, 
he took the analogy in this way: He pointed out that 
all the parts of the earth are inhabited, that it seemed 
che purpose of the Creator to supply life most abun- 
dantly, on land, in sea, in temperate zone, in torrid 
zone, and in arctic zone, maintaining It at all higbtf 
above the sea level, and at all depths below the surface 
of tbe earth. Every part of the earth seemed to be 
Intended to be the abode of life. That was a true 
analogy; but then that shows us only in what way a 
world is inhabited when it Is passing through che spe- 
cial stage of time lu tended for its hubitability. We 
must not overlook the other analogy of the past condi- 
tion of the earth that shows us so clearly those 
long intervals of time when no life at all ex- 
isted, and we are bound to take tb.is analogy, 
and to accept, not as a mere fancy, but as a probable 
theory, the view that tbe vanous orbs forming the solar 
system are only Intended to be for a short time the 
abode of life. Then we may proceed to Inquire whether 
tbis or that member of the solar svstem seems to be at 
the present time likely to be the abode of life. It seems 
to me it is the just way to view the matter. We are to 
form our idea of the solar system from the knowledge 
of our earth, which is a member of it; and so In tbe 
case of suns, we must take what we know of our 
''bright, parrloular star"— the sun— and from that 
knowledge Infer whether the sun is intended to be £>? 
the greater part of its existence the center of tbe plan- 
etary system, and then what are the conditions under 
which the various planets traveling around other suns 
may probably exist. We will now have the room dark- 
ened and a view of the sun placed upon the screen. 

PERIOD WHEN THE SUN'S HEAT SUPPORTS LIFE. 

We have in our sun a scene of continual activity, and 
we have there the same argument that is derived from 
the earth. Activity implies life, implies a certain 
definite period during which life exists. We know the 
activity of the earth lias bad a beginning and will have 
an end. We infer that the activity of our sun has had 
a beginning and will have an end. We recognize In the 
past history of the sun that it was then intended to 
sway the various members of the solar system, and to 
supply them with the requisite quantities of lhrht and 
heat. 

It was only when the sun had contracted that the 
system, properly so called, began to exist. Now we see 
all these wonderful processes, how its faoe becomes 
covered over with spots, and we know that they indi- 
cate enormous disturbances, eruptions from below, with 
all the cyclonic disturbances whioh sweep over the sun, 
and then with that glory of light now depioted before 
you. Not that we always see it, but we know it la there, 
that the glorious corona spreads around, aud so we 
have a picture of what our sun is. 

But you are to consider whether it is possible for the 
sun to supply in tbe future, light and heat for the worlds 
around It. All the theories we have, point clearly to a 
definite period when exhaustion must supervene* 
Whether we regard the downfall of meteoric matter, or 
the contraction of the sun, or chemical processes, in re- 
spect to all suoh processes as are conneoted with tbe 
supply of the sun's heat, we see that every one of these 
processes must have an end, and the time will come that 
tho sun will not have that high temperature whioh he 
shed* upon the worlds around him. Even though we 
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know there Is no real lost of force, there is a loss of 
energy. • 

LIMIT OF THE SUN'S ENERGY. 

We ehall have another picture to atiow that these dis- 
turbance*, all these great spots, sometimes cover even a 
Taet surface. We have to consider that there le the son 
giving out his life to the worlds circling around him. 
And Urns coming to view the sun. as one having a defin- 
ite period, we have to derive the same argument that we 
derive from the earth j and as we Judge from the com- 
parative shortness of the time that the earth is to be toe 
abode of lire, and that other worlds are not at present 
passing through that short period of life, so we derive 
from the snn the knowledge that the period is compara- 
tively short Bo when you take the millions of stars re- 
vealed by the telescope, the chances are small that it 
will always be as it is now, and it is only tno grent num- 
ber of these suns that leads us to believe that they 
are the centers of schemes of worlds. We will now have 
a picture of the sun as painted bv himself. Tno two 
last were the productions of an artist. This is one of 
those wonderful photographs taken by your country- 
man. Dr. Butherfurd. The diameter or that orb is 
840.000 miles. There is the great central machine of the 
solar system working with an energy so immense as to 
force us to view the probability of exhaustion. 

It seems almost as if we could not consider those enor- 
mous outflows, as it were, of light and beat, without 
recognising the possibility of existence; and this re- 
minds you of that strange thought of waste apparently 
taking place In the universe, since we see that of those 
Immense supplies of heat from the sun only one pare In 
330,000.000 is employed by being received upou the 
planets. Again, If we look upon our earth as the only 
planet which is the abode of life, then see what a pro- 
portion is waste. The heat falling upon Jupiter is waste, 
and all on Saturn is waste, and only the heat received 
by the earth subserves a useful purpose; but after all 
we cannot be sure that the support of life Is the only 
useful purpose in the pouring out of the solar rays. At 
any rate we have that result, that only one part in these 
many millions is poured upon the earth. Again and 
again when we study nature we find what appears to be 
waste. 

Now we shall have another picture, painted bv the 
object Itself, of the solar corona. There you recognize 
signs of the Intense activity of the central orb, aud 
those signs will be more clearly indicated in the next 
picture, where the fainter parts are depicted, and whore 
the signs of tremendous energy exerted in the suu are 
weM brought out. Aud now we know that the whole 
mass of the sun is constituted of elements with which we 
are familiar. 

CONSTITUENTS OF THE SUN. 

By analysis we can see the sun's light spread out into 
a rainbow streak, crossed by a number of lines, whioh 
indicates that the snn's great central mass consists of 
liquid or solid matter glowing with intense heat, but 
relatively cool vapors cut off a portion of the light. 
The spectrum before you shows.the linos of Fraunbofer. 
The pictures of the stars I am about to show you, were 
not used in my former lectures on the stars', but they 
have been specially prepared. Multitudinous as these 
lines appear before yon they are but few of the number 
that really exist. The spectrum is covered by myriads 
of these lines. In order that here, as in the two former 
cases, we may have something to satisfy us that we are 
not merely dealing with the work of the artist, we shall 
have anotner picture brought on the screen, In which 
for will find what the sun has himself done in photo- 



graphing his spectrum. The upper part shows the 
picture as drawn by Kirchoff: bnt the other shows the 
lines photographed simply by their own action, and yon 
know it truly indicates the nature of the solar spectrum. 
And now when we pass to the stars we find there is a 
resemblance generally in their character to the solar 
substance, and here we are led to the thought of the 
wonderful variety in the system, the hues indicating the 
presence of the gas hydrogen, existing with various de- 
crees of density, seeming to imply various degrees of 
else in the stars; because if we assume that one of these 
suns is made of all these various elements familiar to 
ourselves, In a quantity proportionate to its mast, then 
those of less specific gravity will extend above the 
others, and the larger stars will have the lines of those 
elements more strongly shown. Here is another picture 
showing the characteristic differences. In the upper- 
most picture you will see the lines of hy- 
drogen strongly shown, and that spectrum belongs 
to what I call the kingly order of stars. 
Here Is Birius, 5,000 times the size of our sun, and proba- 
bly having, therefore, the various elements in its sub- 
stance m corresponding proportion. We cannot wonder, 
i hen, that that star and others show the lines of hydro- 
gen strougly marked, as they are here Indicated. In the 
next spectrum are exhibited stars showing, apparently, 
a resemblance to our sun in constitution. The third pic- 
ture shows us stars probably resembling our sun in hav- 
ing spots upon them, and spots so mnch larger that the 
light of those suns would seem to vary greatly. Our 
own sun, be it remembered, is a variable star. If he 
were watched from some distant point, he would be 
found to vary in brightness during those 11 years that 
the spots seem to wax and wane over its surface. We 
are forced to believe that certain suns are not sufBoient 
to supply light and heat steadily to worlds like ours. 
UNFITNESS OF CERTAIN STABS TO 8U8TAIN LIFE IK 

PLANETS. 

There before you is the star Betelgeux, and there li 
that other and wonderful star which has received the 
name of '* Myra," in the Whale, which changes in bright- 
ness. We can hardly conceive that life could exist in a 
world circling around such a star. Imagine what it 
would be if our sun varied constantly in brightness, and 
sometimes only had a brightness one-hundredth part ol 
that which it now has I We begin to find among the 
stars signs that they are not at present— and perhaps 
some of them may never have been— fit to be the oentral 
luminaries of circling worlds. 

Here is another picture, showing how Dr. Hugging and 
Miller studied the constitution of the sun. There you 
see the Hues of the solar spectrum, and the various 
lines of the elements compared by Dr. Hugglns with 
those existing in the atmosphere of that star. Dr.. 
Hugglns found in the star Aldebaran, nine of. 
our familiar elements, with the probability that many 
others existed. He found mercury, iron, sodium, calci- 
um, antimony, «V., and here then we find thai lesson 
which seems to teach us that although any particular 
stur may not have life in the worlds circling around it, 
yet we seem to see the purpose. Here it contains the 
elements with whioh we are familiar. We know our sun 
contains the same elements which the earth does, and. 
thus we infer that a world circling around a oentral. 
sun Is constituted In the same way. Looking at the star 
Aldebaran, we infer that these elements exist in the 
worlds circling around it. 

After all so long as we fail to believe that there are in 
other worlds reasoning oreatures, we find, as I conceive*, 
very little interest In the question of life at all. The 
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great point of interest to ns is whether there be living 
creatures, reasoning as we do, capable of appreciating 
t'.ie wonders around them, and recognizing the nature of 
tbe various changes which I shall have presently to de- 
scribe; for I shall describe to you the condition of life 
in the world circling around the oolorel stars. "We 
know that the existence of man upon the earth is mnch 
shorter than tbe existence of animal life, and stiM shorter 
than animal and vegetable life combined, and so we in- 
tensify the argument in view of this fact. 

This picture illustrates the way In which the colors of 
the double stars are brought about. The uppermost 
picture *hows the leading lines in the solar spectrum. 
Below it are the two spectrum* of the double star. Beta 
In Cygnus, a double star having one component 
orange and the other blue, and this spectral 
analysis shows why these colors exist* that It 
is not inherent m the light of those stars, but 
that their atmosphere outs off certain waves of 
the light, and leaves the rest of certain colors. 

tn the third spectrum you see many bands or lines 
over the yellow and orange part, and therefore a great 
part of the yellow and orange is eut off, and the blue 
and violet lights show so that the star shines as a blue 
star. In others there is a superabundance of orange and 
yellow, and that star shines as an orange star. There is 
one peculiarity about the donble stars in the fact that 
we very seldom see the larger component of two stars 
- showing the blue color. Tou see here the central sun is 

• orange, and the two companion stars are green. That is 
the star Gamma, of the constellation Andromeda. Then 

. you see the next two stars, both bine. The third star on 
the upper row Is one or considerable interest, and is star 

• 61 of the Swan. 

LIFE ON A PLANET OF A DOUBLE STAR. 
Now, lot us inquire what roust be the nature or the 

•life oa worlds ciroling around one of those double stars. 

;In the first place, there are mauy ways in which the 
worlds circle abouttfhem. Suppose, in the case of our 
own solar system, that at some distant epoch our solar 
system consisted of a Sun and Jupiter as a subordinate 
-or second sun, glowing with heat, and forming, with the 
Sun, a double star. Now, if you consider tbe other ores 
of she solar system divided into three classes—Uranus, 
tfeptune, aud 8aturn. circling outside both the suns, 
•then Mars, tbe E>ir(h, Venus, and Mercury circling 
around the central sun, looked upon as the special 
family of the central sun himself, then a fanillj of 
worlds circling around Jupiter— it is evident how in 
tbe double stars three families may exlnt. There 
Is a little family of the orange star, another famtlv 
circling around tbe blue star, and yet another circling 
around both the stars. That is to say, ciroling around 
the common orb of tbe stars. Now, according to those 
various eondltions, different states would exist. There 
would be different portions of light received by those 
stars. 
Again, take the illustration drawn from Jupiter, be- 

' cause it simplifies the matter. Suppose, instead of Jupi- 
ter shining as be does, he has a considerable amount of 

; brightness as a blue star, while the sun is an orange star. 
Then we shall have illustrated the state of affairs in the 
world circling around the orange star, and having the 
blue stat traveling around it. When toe earth is mid- 
way between the sun and this blue Jupiter, then one 
half of the earth would be illuminated by the blue star 
and tbe other half by the orange, and there would be no 
night. There would be a continual change between 
orange day and blue day. Suppose the blue sun to 

• travel onward as Jupiter does, there would gradually ' 



come the change that Jupl fcer, after shining nt his highest 
at uigbt, gradually would become a fainter star. Then 
there would be the orango dny, and afiertbe orange eun 
hnd set, the blue sun would still remain in view, And 
the orange day would be followed by a short 
blue day. Then the blue dav would rer, and tbea 
would be twilight of a strange character, twilight pro- 
duced by the blue and nrnoire, a state of things alto- 
gether different from any wo can imagine. The a that 
change would gradually go on until the blue and oranga 
stars would be in the saiLe part of the sky, and there 
would probably be white sunlight. 

Again let us take the effect of seasonal changes. Sup- 
pose the day to be as It is at tbe equinox, equjl day and 
equal mghr, hut suppose tho orange nun on the one side 
and tbe blue on the other. Then according as 
the earth was turned over toward the orange 
or the blue sun it would be orange Sum- 
mer and blue Winter, or blue Snmmer and orange 
Winter. The two would be strangely combined. There 
might be a long orange day in the arctic regions, and no 
night. Then as you pass gradually from the arctlo parts 
toward the equator you would find the orange day get- 
ting gradually shorter, though still remaining, 
and the blue day would be getting longer. 
There is another possible circumstance. Suppose 
the eNrth placed in those circumstances hud a com- 
panion orb like our moon. Then that moon, instead of 
showing merely the change? which our moon passes 
through, would show some peculiarities. Ac the time 
when the earth was half 11 r by the orange and blue suns, 
tbe same would be true or the moon. It would pass 
through its phases, only Insteal of b»ing white and 
black the two parts would be orange and blue. Then 
the earth traveling onward would get one-quarter of the 
way around, when the quarter of tbe moon would, be 
oranire. There would be an ornugo and blue hemisphere 
of the moon, but the hemispheres would overlap, so that 
the moon's surface would bo dlviddd Into four pans, as 
if to divide an orange into four segments, one part 
orange, the opposite part blue. Whore the two com* 
blued It would be white, and the other portions would 
be black. \ 

Thus again the planets, as observed from the earth, 
would show wonderful changss in color. At one time 
they would be lit up by an orange and again by a blue 
sun. Then again the landscape would be very strangely 
colored; to those parts that were concealed from the blue 
sun, there would be an orange shadow ; to those that 
were concealed from rbe orange sun, there would be a 
blue shadow, and a black shadow would be cast on those 
parts where the blended light of the orange and the 
blae suns was obstructed. These shadows themselves 
instead of being neutral would be colored. We can 
hardly conceive of the wonderfully enhanced beauty of 
the sky at sunset under these circumstances. Wa 
recognise in these worlds very curious and varied 
relations. But we may be satisfied that precisely such 
relations as I have been speaking of undoubtedly 
existed. 

DIFFERENT STARS REGARDED AS SUNS. 

We shall now pass on to Eta Argils, a star, which, as you 
well remember from one of my former lectures, was 
once of great magnitude, but is now almost invisible. 
In the year 1846 it was shining more brightly than any 
other star in the heavens except tbe star Slrius ; at the 
present time it is barely visible on the darkest night. 
Now this picture will pass away and we shall introduce 
you to a new one. You have in the upper row there* 
one of those wonderful clusters of stars. Ton tee how 



Other Bum Than Ourt—Bichard A. Proctor. 



W 



tenre some of them are and can imagine how bnghtVy 
theysblne. Toucan scarcely fail to admit the prob- 
ability that olrollng around those orbs there are worlds 
In which life may exist. We can easily calculate how 
much light the various stars of that cluster are capable of 
giving to these orbs that circle around them. The sky of 
those worlds must be covered, not as our sky is with 
stars* but with suns. There is a wonderful display of 
their power to the inhabitants of suoh a world. [Prof. 
Proctor here quoted that passage from the poet White, 
Id wbicb these lines occur : 

Way should we tans ttran dorta with aatstlesi strife | 
If ttgtrt nay that deoelra. why nay not life 1 J 

Vow we shall have another picture of star clatters, 
showing the enormous variety that they represent. 

This picture will give place to another, showing the 
nature of one of these great clusters. 

As we find in our solar system orbs of different charac- 
ter, as wo find all these forms and variety in this one 
system. So in each one of these infinitely varied systems 
—to say nothing of the Infinite varieties, as in the col- 
ored, double, aud variable stars— there is a variety cor- 
responding to that iu our own system. Now we will have 
a picture showing a much greater scone of glory. There 
you have the great nebula of Andromeda, which has 
been considered as made of multitudinous suns, and 
where the glory of the scene must be so enhanced that 
the gaiers must turn away from those suns, unable 
to endure their brilliancy. 

Now T propose to present to you as clearly and suc- 
eiuctly as I can, the views I have been led to with regard 
to the distribution of the stars in space aud the rules I 
would suggest as to their observation. Sir William Her- 
schel said it was the great object of his ambition to as- 
certain the constitution of the stellar heavens. Here 
we have a picture representing the northern stars of the 
Hi Iky Way. I think that their aspect, that the appear- 
ance of the Milky Way forces us to the conclusion that 
it is not made out of stars, spreading farther and fur- 
ther out into space, and by the combined luster making 
that appearance, but that it is a complicated system of 
stars, and that when we come to analyse it 
we may expect to find there varieties corre- 
sponding to those which are exhibited in all 
parts of the universe; that we are not to 
look there for uniformity or to assume that there is a 
uuiformity where all the stars have been marked by 
variety, but that we are to find In these that there is a 
great variety. We shall have the picture or the southern 
heavens brought on the screen and there you will see other 
evidences of that variety. There you see the Magellanic 
clouds of light, with great openings in them and a great 
rift iu them In the lower part. That great rift will be 
shown better in the next picture. There you see the two 
branches, extremities of the Milky Way, branching out 
into space, and between the two that great space. 
STARS OF DIFFERENT SIZES MIXED IX SPACE. 

I most rqiuind you of the utter incorrectness of the 
common account of the Milky Way that it is divided 
Into two brandies. I may say that the ordinary text- 
bonk account is not more incorrect than the description 
of the lad who said that the Milky Way was a kind of 
cloud in the heavens colled the trade winds or the 
aurora boreal Is. Tne book says the Milky Way goes 
right arouni the heavens aud is divided Into two parts 
along half Its extent. This division is not along half Its 
extent, out there are multitudinous nodnles of light. 

Tho principles on which my application depends are 
very simple Suppose you were traveling on an open 



flat surface, and perceived a number of trees along tho 
horizon, all of the same size. Suppose you took an opera- 
glass and found a number of smaller objects resembling 
the other treo*. Now there are two theories which yon 
might form in explanation of that appearance. You 
might conceive that these smaller trees were really as 
large as the others but at a much greater distance ; or 
you might suppose that these smaller trees were really 
smaller— were young trees. Ton might test it in this 
way. If you found in looking around the horison that 
they were more thickly clustered in some parts 
than in others, then you would find much to 
show whether they belonged to the same clumps 
as the smaller ones. If you were traveling at random it 
would be a very astonishing thing if just behind each 
clump of large trees there should be another clump 
much smaller and lying in the same line. If you find this 
appearance repeated several times, there would be no 
doubt of it. You would so have learned this fact, although 
it would not be particularly interesting, you would have 
learned the face that each damn of trees was made up 
of different kinds of objects. Now apply 
that to the case of the stars. If you look at 
the star depths, you see the stars clustered together 
in clusters of large stars. If you find others that are 
much smaller, and if you find that those which look 
much smaller are as richly spread as the others, you can 
make the same inference; not that the smaller stars are 
lying further away, but that they are really mixed up 
with the large stars in the same clump. You cannot 
suppose that, placed as the earth is, at random in the 
heart of the star system, that one cluster of large stars 
would have Just behind it, but at an enormous distance, 
another cluster of smaller ones. You are bound to be- 
lieve that stars that are different in size are mixed in 
space. 

AN INVESTIGATION INTO THE DEPTHS OF SPACE. 

We shall have another picture brought on the screen, 
and there you will see how I map the stars visible to 
the eye. You will see that there are clusterings there, 
and you wilt notice that they form a festoon of light, 
which corresponds to the Milky Way. I was able to 
apply to this map, having a map of an equal surface, a 
plan by which equal parts of the heaveus are repre- 
sented in equal space on the map. Iu order to know 
what proportion any part will hear in the number of 
stars, I take a portion of this map, say where the stars 
are thickly spread, and weigh it, so as to know what 
proportion it bears to the map of the whole heavens, 
and then count the stars on it. Then I know what the 
proportion of stars is there. 

Now, if you take the Milky Way and weigh It and 
count tho stars on it, you find that the stars are so 
thickly spread there that it would require 5.000 more 
stars to make certain other parts appear equal to it. 
Then again there are spaces where the stars are spread 
so poorly that 4,000 stars would have to be obliterated 
from the parts just shown, to make those other parts 
equal. 

Here the southern stars are brought into -view. There 
you recognize a much greater peculiarity of the distri- 
bution of stars. That cljud is the great Magellanio 
cloud. It seems as If that bore the same relation to 
that seotion that the sun does to o ur planets. I would 
not for a moment think of that for a theory, but then 
it has more to say in its favor than 
that of Madler, wbloh is that one star In 
the Pleiades is the center of the whole stellar system. 
There you see the upper rloh region and the lower rich 
region, and you see also this comparatively poverty* 
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stricken reirion. The old theory of Sir William Her sen el 
was that the Milky Way was made up of stars lying in 
a long train, going further and further away. Remem- 
bering iny plan, yon will soe that all Iliad to do was to 
take these regions where the stun wore rich, and, if I 
found they agreed with these other regions, then I 
should be safe to adopt the safe inference as in the ease 
of the imaginary traveler, and so should be led to be- 
hove that the large and small stars of the Milky Way 
are in the same region, differing in size, not merely by 
distance. 

We shall have the central part of a map of 824,000 
stars. In the center you see two bright stars. These, 
are the guardians of the Pole. You are looking at that 
part of the heavens as seen with a telescope not over 
two Inches in diameter, and yet you will soe particu- 
larly at that part of the heavens, at the Little Bear, that 
there are couutloss stars. How muoh more is shown by 
large telescopes in the richest places ! It leads us to 
consider what would be the result if the power of the 
eye were increased gradually to the power of the tele- 
scope, and should then go on increasing until at last It 
had the power of one of Hersohel'a gauging telescopes, 
revealing 31.000,000 stars, and then still more increased 
to the power of the Rosse telescope. Imagine the 
power of the eye Increasing to the power of a telescope 
SO or more Inches In aperture, and think of the heaven's 
glory with this myriad of suns I To the Almighty these 
wonders exist, and it is only the feebleness of our 
senses, it Is only the small opening of the eye, which 
renders us blind to these wonders existing around us. 

A SURVEY OF THE HEAVENS. 

Now a picture will be shown in which you will see in- 
dicated the result of this investigation. You will see 
that in the upper part the stars are thicker than In the 
lower. The upper part is where the Milky Way crosses 
Caeslopea's chair. All that light between that and An- 
dromeda is produced by the multitude of stars which 
are visible through a telescope of 2} inches in diameter. 
We cannot fail to see that the same mode of reasoning 
Is applicable here, and the result Is that the Milky Way 
Is a stream of large and small stars mixed together. 

Here you have a still mora peculiar arrangement of 
the stars. Here you seethe head of the Bull in the di- 
rection toward the constellation Orion, and between the 
Pleiades and the head of the Bull you see a curious dark 
opening. We notice regions in various parts of the 
heavens where very few stars are seen. I find that that 
opening is continued by a more powerful telescope, and 
still there Is the tame poverty of stars. I am going to 
try with Lord Lindsay's telescope, when I reach En- 
gland, to see if it still continues. Another picture will 
show that we are gradually returning to the same rich 
region. 

Then it Is that we reach the Milky Way. The three 
brighter stars of the Little Dog may be recognised 
which He in the border of the Milky Way. Herschel's 
theory was that these clouds of light were produced by 
the stars brought into view by the large telescopes, but 
here we see that these represent the end of the Milky 
Way. In this next mapjyou may recognise stars familiar 
to us. You mav see these stars of the Wagon, or as you 
call it, the Dipper. 

Now this map will pass on and another will appear 
where we are tending toward the Milky Way on the left. 
That will pass on and the last of these separate pictures 
will be shown, and that will show how the cloud of light 
Is there brought into view by these greatest of 
oar stars. That is precisely the part of the heav- 



ens—in the Swan— that appears Hko a cloud 
on a dark night. The old theory of the 
stars must be abandoned, for not indicating the much 
greater variety of that cluster. Another picture will 
be oast on the screen illustrating the star distribution. 
It shows the multitudinous stars which are included 
with the stars of Argonauta. We will pass from this 
map to another showing the star cloudlets. You see the 
curious manner in ffhloh they are fitted into the Milky 
Way. Here we have some of the very reasons for that 
kind of arrangement of which I was upaaklng when 
I referred to clumps of trees. We recornlsd a certain 
definite arrangement throughout tho whole and see that 
they form a part of one system. We flud a real connec- 
tion betweeu the star cloudlets and tne stir*. We aro 
shown that all those cloudlet* are part and parcel of one 
system. 

TIIE EXTREME VABIETY OF STELLAR SYSTEMS. 
Now we shall have that picture whloii is iutenied to 
indicate another astronomer's theory. I call your at- 
tention to it, because I want to show that there la no 
evidence 1n its favor. The center of the stollarsvstem. 
if it has a center, wiH be in the plane of the Milky Way. 
Ho extended the argument in this way: As you go 
nearer and nearer toward a central sun you will find the 
stars travel more and more slowly. Now that is not 
true. The nearer you come to a great cluster of stars 
the slower they move. They have a drift in one direction, 
and the star* which lie over tho central sun would seem 
to lag behind, so he reasoned th&t as we approaoh the 
sun, we shall find the stars drifting in another direction. 
Another map wilt now be brought on tho screen, and 
there you will see how I Jotted down all the stars of the 
northern heave ue, and how I Jotted down by them little 
arrows that indicate the direction In which each is 
traveling. You will see that the arrows are of different 
lengths; each one indioatosby its length the distance 
the star with which it is connected will travel 
in 86.000 yoars. Here are the stars of the 
southern heavens, with their little arrows 
attaohed to them. I conceive that no such regular ar- 
rangement, after what is shown in this new map, can 
be believed in. There you have the theory of Sir 
William Herschel; but I repeat I conceive that no such 
regularity of arrangement can bs believed iu for a mo- 
ment. The next picture, which will now be brought on, 
shows what I take to be the variety of constitution In 
the stellar stream. With all those there are varie- 
ties of star cloudlets and varieties of arrange- 
ment whioh we can never reduce to 
uniformity. We ought no-longer to adopt those uniform 
rules, but be ready to admit those views which seem 
most varied rather than those which appear most uni- 
form. We see In the star depths the most wonderful ex- 
hibition of vitality— a vitality so great that no imagina- 
tion can form any conception of it. We find, in the 
words of the psalmist : M When I consider Thy heavens* 
the work of Thy fingers, the moon and the stars, which 
Thou hast ordained : what is man, that Thou art mindful 
of him, and tho son of man, that Thou ylsitcsc him I" 
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THE INFINITIES AROUND US— Farewell 

Lecture. , 

EVIDENCE OF THE INFINITE IN SPACE— THE INFI- 
NITY OF MATTER— EVIDENCES WHICII POINT TO 
AN INFINITE GOD— THE OMITS OF OUR SENSES— 
THE VARIETY OF THE UNIVERSE— RESOLUTIONS 
OF THANKS— ADDRE8SES FROM PROFS. HITCH- 
COCK AND NEWBERRY— PARTING WORDS OF MR. 
PROCTOR. 

The 101st and farewell lecture in this country of 
Prof. Richard A. Proctor, the eminent Euglish as- 
tronomer, who was to Jeave for his home across tbe 
water in the Cuba, April 8, was made the occasion of 
a very pleasant gathering. The usual crowded audi- 
ence was present to hear the Professor's views on the 
subject of '* The Infinities Around Us/' and many 
warm admirers lingered after the lecture to shake 
hands with the scientist and wish him Godspeed on 
his voyage. The use of the stereopticon was dispensed 
with, no pictures being exhibited. A pleasant pro- 
gramme to follow the lecture having been arranged 
previously, the stage was filled with prominent gen- 
tlemen, among them the Rev. Dr. 8. Ireu»us Prime, 
the Rev. James Waters, W. H. Fogg, W. Oliver 
Stone, Seabury Brewster, the Rev. Dr. Vincent, the 
Rev. Dr. Chessire, H. B. Sands, M. D. ; R. W. Weir. 
M. D. ; the Rev. Thomas Armitage, D. D. ; A. F. 
Hastings, Theo. Roosevelt, Robert L. Stuart, Norman 
White, James B. Colgate, Samuel B. Schieffelin, 
J. W. Pirason, S. A. Bunoe, John Taylor Johnston, 
& S. Constant, Nathan Bishop, the Rev. Dr. Sey- 
mour, the Rev. Dr. Roswell D. Hitchcock, Prof. 
Newberry, Prof. Peaslee, tbe Rev. Dr. Sawyer, the 
Rev. Dr. Holme, and John R. Ludlam. 

Ladies and Gentlemen : I have to-night to 

ipeak on a subject not astronomical in itself, but one of 
those to which the study of astronomy naturally leads 
as. I suppose that there Is no thought more common or 
which has been more ordinarily entertained tban this— 
Miafc space must necessarily be infinite. Utterly lncon- 
telvable, though, the idea of infinity Is. Ev- 
ery one must have bad the thought that 
If you take a line, as it were, a line through spare, 
In any direction, there Is no boundary ; the line may be 
carried onward and onward, forever and ever, and 
whether it meets a solid substance, whether it arrives 
at a void space, still it may be carried onward and 
onward, and eo forever; bat that this space 
In that direction must bo lu finite. To a student 
of astronomy this idea is, perhaps, more naturally 
presented than to any other, beoau*e he is in the habit of 
considering telescopic power, whioti carries the mind's 
eye, as it were, further and further into the depths or 
space, still without any limit. Thus the idea of the in- 
finity of space is the one with which the student or 
astronomy naturally has to deal. 

We begin, then, with this subject of the infinity or 
space first of all, because it is' the one we are best able 
to deal with, tbe one about which we feel the most cer- 
tain. We may entertain doubts as to infinity of time, In 
past or in future : although, as I shall presently show, 
infinity of time as an idea Las not near as 
much force upon as an tuat of iuflultr of space. 
In Infinity of space we recognise a view that we must 
hold. We have, then, something that Is inconceivable, 
and that yet most be admitted. And I want, this even- 



ing, to bring before you the Idea that that which is in- 
conceivable may necessarily be that which 
is true Bo, inconceivable is this idea of 
infinity of space, the Idea that all 
around us there are immensities of space, not merely as 
Sir John Herschel has said, practical infinity, but real 
infinity, absolute infinity, going on forever and forever. 

othee dimensions th in length, breadth, and 

THICKNESS. 

The idea seemed so inconceivable that men in out 
time, great mathematicians, of most powerful minds, 
have endeavored to escape from It, by 
this strange conception, that our idea of space 
may be limited by certain imperfections. They be- 
gin by conceiving the possibility that there 'might be a 
Hod of creature having only length, living always as it 
were, haviug for its body an infinite straight line without 
any breadth, only length. And then they pass from 
that* idea to the Idea of a creature living 
always in space of two dimensions — in 
thickness and breadth— and show how to creatures of 
that kind the Idea of space of three dimensions would 
be inconceivable ; and they say, therefore, tbat we may 
be limited by some such want of ouuoeption in our 
powers, and that there may be space of four dimensions; 
in other words, something else than length, breadth and 
thickness may be a possibility. Now, If you consider 
you will find that you can thus get over the diffi- 
culty, although the explanation Is not a whit 
more conceivable than the difficulty it Is Intended to 
meet. For instance, if there were creatures living 
in epaoe, of one dimension, having only length, then la- 
stead of living on a straight line, as the first supposition 
was, it might have for Its body, or rather its con- 
ceptions might be limited to, a perfect circular 
ring; then the conception of that creature would 
be that length measured with tbe circular 
ring was in finite, yet we know the droular ring would 
have a certain measurable size. Prof. Clifford, the 
great mathematician of England, one of the leading 
mathematicians, one of the rising, mathematicians of 
our day, has pictured the case of a creature having only 
length and breadth, living On tbe surface of a 
sphere. Then to creatures of that kind the 
idea would be presented that surface was luflnite, just 
as to us the idea is preseuted that space is infinite, and 
yet their surraoe would be the surface of a sphere ; and, 
although it would have no limits, as we know that tbe 
surface of a sphere has no limits, yet it would not be 
infinite io dimension. So says Prof. Clifford and so say 
the German mathematicians, from whom that idea has 
been borrowed ; so it may be possible that it is only our 
limited conception which gives us the Idea that space is 
infinite. 

IS MATTER AS INFINITE AS SPACE T 

Well, I pass from these conceptions with tbe remark 
that to me they seem not a whit less inoonoeivable than 
the absolute infinity of space. Aud it appears to me 
that so far from high mathematical power foroing upon 
us the possibility of such conceptions, that as soon as we 
take tbe rationale of the matter, the ordinary, simple 
explanation of facts, we are bound to admit that space 
of three dimensions includes the whole or possible space. 
You will have length and breadth, aud you will have 
everything that lies above It or belew It. In otner 
words, if you have added to length and breadth the con- 
ception of thickness, you have the whole of space. We 
have then infinite space. We have brought before us , 
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as I conceive, that whloh is utterly bayou I our powers 
of conception. Then arises the thought: If space is 
infinite, may It not be that matter 1* not so, that the 
matter which occupies space is limited, thit the 
region of space occupied by matter has its 
boundaries! And you will all remember the reasoning 
that was applied by Aristotle to that matter. He said : 
If you take in all material partiolos in space, a line 
drawn from one to the other is limited ; it ha* its two 
ends, and no space can be without limits of waich that 
Is true; that every part of it be at the two ends of a 
limited line. Yet after all, so soon as we apply to this 
matter ordinary reasoning, we find ourselves led 
to a contradiction. And why should we wonder 
at that when we recognize the certainty that there is 
here something contrary to our powers of conception f 
You will see that is tbe idea— to insist upon the fact that 
as we deal with these Inn nines we have continually en- 
forced upon to the knowledge of the fact that there is 
something far beyond our powers of conception. And 
you will presently see that t propose to apply that to 
the problem full of interest for us alL 

But then comes in an astronomical view of this ques- 
tion of tbe infinity of matter. It bas been shown that if 
there were spread throughout the universe au infinite 
number of suns like the stars, spread uniformly through 
the space, then it can readily be shown that tbe whole 
of the heavens ought to glow with the same brightness 
as tbe aim's surface. It does not matter bow far apart 
those suns may bo, or how small their dimensions might 
be, compared with the distance separating 
them, still yon would have the whole of 
the heavens glowing with the gtory of sunlight unless 
light were gradually extinguished as it travels through 
•pace. For let this be remembered. Any group of stars 
of limited extent would, look as bright, wherever it were 
placed. If you carried it away— if it lay at a oertain dis- 
tance — the stars composing it would gatber at a certain 
portion apparently occupied by that group. Now, sup- 
pose the group curried twice as far away, then 
the stars would only cover a part of the ap- 
parent dimensions that they properly covered ; but then 
also, the group would only look one-hundredth part of 
the size. And therefore although tbe quantity of light 
would be reduced in proportion to the distance, the 
brightness would remain unaltered. Therefore lr. fol- 
lows if you oonoeive space filled with an infinite number 
of stars, separated by any average distance, 
however great, any oertain inclosed part of 
that space would hare a certain brightness; 
the portion next beyond It of the same size 
would have the same brightness, and a similar portion 
next beyond that the same. Now suppose that that 
brightness of which I have been speaking was a 
millionth part of the same size. In other words, tbe 
•pace that the sun occupies in one of those 
groups covers but the one-millionth part of the 
space that the whole group appears to occupy; 
then the next group covers another millionth, and 
tbe next another millionth, and if you go on infinitely, 
you only require to take a million of those groups to 
nave a million times the millionth part of sunlight ; 
therefore you have the whole of that region glowing 
with the glow of sunlight. And so we come to the con- 
clusion, if stars are spread Infinitely through space, the 
whole heavens ought to shine with a glow of sunlight. 
If that is not the case, then we are forced to the conclu- 
sion that light must be extinguished as It travels 
through space. 



A METHOD OF EVADING THE ASTRONOMICAL OBJEC- 
TIONS TO INFINITY OF MATTER. 
And yet there is a way to get over that which I had 
thought of, but which was originated by fir John 
Hersohel. He points to tbo fact that the dimensions of 
the several component parts of any system are very 
small compared with the distance that separates one 
from the, of tor. And when yoti pais to a system of a 
higher order, you find the dimensions of the 
first system are very small compared with those 
of the next. For instauoe, take the solar system. The 
dimeusions of the earth and other pares of the solar sys- 
tem are very small. Infinitely small, compared with the 
distances that separate the various parts of the system 
from each other. Then ag iln, the distance that sepa- 
rate pans of the solar system from each other aie small 
compared with iho di*rani*es that separate our solar 
system from its neighboring systems in sptco. Proceed 
to a higher order and you will soe th it the dimensions of 
the solar universe are very small oom pared with the dis- 
tances that separate it from its neighboring universe. 
Go on in that way; carry up the order of systems higher 
and higher without limit; and then rf you apply to sys- 
tems of that kind — If you apply to them a proves* of cal- 
culation— you find that no longer have you that result of 
heavens that glow with the glory of sunlight, but 
instead of that you may have any ord'r of brightness 
you please, aooordlng to the relations you may suppose 
to exist between the part* of a system and the distances 
that separate oue from the other. And thus we 
have this curious conception of the infinity of* 
matter occupying space. If we are to believe 
in that infinity of matter we have this conception, that 
it may be compared to a troo. Bexln with a lower twig, 
and travel along that twig until you ootne to where it 
Joins the next twig, and so on until you come bo where it 
joins the next twig, and you have a gradual enlarge- 
ment; you come to a new order ot twig at this point; 
you come to a branch, and theu to a larger branch, and 
so you go on from that largar order, and thou you have 
the whole tree at last, and thero au end. Bit if you be- 
lieve in the influlty of matter, and if you choose to feel 
that there is a coutinual passage from one 
system to another upwards gradually increasing, or 
downwards gradually diminishing, tliea you no 
longer have tbe difficulty of which I speak, and it ap- 
pears to me if wo accept infinite apace we are almost 
bound to accept the iufimty of matter. Otherwise tee 
the difficulty in which we Ian I ourselves. Suppose th it 
occupied space has a oertain finite extent, lot that ox- 
tent be what it may, there lies outside or it an infinitely 
greater region, so that again you have what appears 
incongruous, that you have occupied space which is In- 
finitely small In proportion to the unoccupied space. 
The idea of the infinite occupied space is beyond our 
powers of conception; but not a wbic less bey oud our 
powers of conception is the idea of an infinite un- 
occupied space; and ihus we are led to believe that 
matter is infinite, and that an infinite quantity of matter 
occupies space. 

INFINITY OF TIMS AS WELL AS OF SPACE AND 

MATTER. 

And thus we are led to the next point that we have to 
deal with, an infinity of time. We are very naturally led 
to pass from the infinity of space to the infinity of time, 
in this way, that the only way the human mind oan be- 
come acquainted with the character of matter is by tbe 
flight of light. Aod then we reoognise this, that every 
part of space we have not yet become acquainted 
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with, and tbat therefore time is occupied in conveying 
light messages that we know not of. Wo are immedi- 
ately led from the infinity of space to the Infinity of 
time. Let us make this comparison. As we take in 
■pace an infinite line, a quantity which extends In every 
direction, so let us take an Infinite line in time. Lot us 
carry back our thoughts influitely, an infinite progress 
backward. Do we come to an endl Is it not 
a thing that can have no endf You come 
to the beginning of all things on that side, the begin- 
ning of all created matter. Beyond all that is the in- 
finite void of time. Suppose you come to tue end of ali 
things; beyond all that is the infinity of time, the Infin- 
ite void of time. We have on either side of us infinity ; 
the idea that the whole of time has been and is to be ex- 
pended, in the past and future; the idea that the whole 
of time has been occupied by the occurrences of 
events, or the idea that there has been some 
part of time unoccupied* Both ideas are equally impos- 
sible to our conceptions. Blnco Doth are equally incon- 
ceivable* we would naturally take that which is most 
congruous, the idea that the whole of time has been 
occupied* We are led again to the utterly inconceivable 
idea tbat there can be no beginning and no end. One 
need not be repelled there by the words of Scrip- 
ture. The words of Scripture are, "in the be- 
ginning;" but they don't say that there was a 
beginniug of time, but a beginning or forces, as far as 
we are concerned. It has been said that the very Idea 
of the progress of time Implies a beginning. It has been 
said that the very idea of space Implies a limit, but we 
know it has not a limit. 80 we find ourselves, whether 
we consider space or time, led to inooncoivables. 



EVENTS AND MATTER OCCUPYING TIME AND SPACE. 

Now let us consider that as far as we know they are 
occupied by events and matter. What are the events 
that have occupied timo and the matters which have 
occupied spaoet The matters that have occupied 
space are those which astronomers have 
brought to our mind— worlds, system?, svstem9 of 
systems, universes in stars, collections of uuiverses — and 
the mind Is carried on to yet higher ideas of what occu- 
pies space. But as to what occupies time, we reoognlzs 
continual action in those parts of space, one upon an- 
other. We recognize a sun gathering in all 
around it, deriving power from the indraft, 
and spreading ont that supply of power over the 
creatures that live upon the worlds around. We recog- 
nise all the progress of time, and in the regions of space 
we recognise the continual action of power. ' There Is 
continual force and continual energy. We aro told by 
science that so far as our knowledge goes there is an 
end to all that energy. The earth, for instance, was 
once an orb like the sun, which gradually parted with 
its inherent heat until it reached its present stage ; 
and looking into the future of the earth we trace the 
time when it will be like the moon, when It will have 
dismissed Its inherent heat and no longer be fit to be the 
abode of life. Passing on the other side, we come to orbs 
like Jupiter in a longer state than this earth, still 
Instinct with their inherent fire; and still higher 
than that we come to orbs like our sun, 
lit to be the center of schemes of circling worlds. We 
find these various orders, and recognize the faot that 
the orbs of our order are passing rapidly down to the 
next order. The sun is gradually parting with its inhe- 
rent heat, and will unquestionably assume one day or 
another the state of the planet Jupiter. 

1 again the planets Jupiter and Saturn are passing 



down to a lower order. Our earth Is passing down to the 
order the moon presents; the moon may be still further 
parting w!th its inherent hear, and so there Is a contin- 
ual progression from the Mgher to the lower orders. 
Bnt is there au end to that progress t Does it 
imply on one band a beginning from whioh 
all these oriie arrive at this state, or, on the other band, 
an end to whioh they are all tending, and to an end 
when all the orbs in the uulverse will be equal in point 
of heat, and then, although the force in the universe will 
remaiu unchanged, the real acting energy, depending 
as we know it does, on temperature, will have passed 
away. That is th« view tj which we seem tonding. 

WILL THE UNIVERSE BE RENEWED? 

I ha7e heard the view Insisted upon by a philosopher 
of this country, for whom I have high respect, as tend- 
ing to show tbat astronomy is the one science teaching 
us that there was a beginning and that there will 
be an end. Here again it seems to me 
the floiteness of our oouoeption* has le i us astrav, 
and when we view the matter rightly we recognize 
in this progress a progression which neither implies a 
beginning nor an end. We find ourselves merely mem- 
bers existing through a long series of ages, and it ap- 
pears to me that we may look back into the infiuite past 
through which these changes had a present 
state. It is as though persons reasoning 
about a tree, for lnstauce, springing. as 
we kuow it dues, from a seed, were not 
aware of the f net that the tree, after it was dead, would 
give birth to other trees, and so there would be a con- 
tinual progression. Iu the same way we can under- 
stand— '.t is quite ooneeivable— that the state of things 
which now appears tending toward an end is really tend- 
ing toward a coudition where there will be a new be- 
ginning, and evldenoos of energy will continue 
forever, and thus there is neither a real beginning nor a 
real end. At tiny rate, we see that the universe, having 
infinity of space, and influity of material occupying that 
space, has also infinite power. The quantity of ma- 
terial matter would not imply power, but material 
matter separated by enormous distances at least 
implies power. Take our sun, for instance; 
grant him his present enormous mass, let all the matter 
i>e gathered In upon his surface, and power is not im- 
plied, but let that matter be restored to its original 
distance, aud give the sun his in-drawing power, 
and then in the sun resides power making 
him fit to be the center from which 
are to be dispensed endless supplies of 1 life and energy. 
Since this distance of matter implies power, and since 
matter is infiuite aud distances are infiuite, and matter 
oooupies luflulte space, according to our assumptions 
power in the universe is infinite also. 

And thus we come to the conception that there is in 
the universe, quite apart from all Ideas of God, infinite 
power. We have been led then from the thought 
of infinite oooupied space, to the thought 
of infinite time occupied by events, and 
now to the thought of Infinite power; 
and yet all these Ideas are utterly beyond our powers 
of conception. Why, then, dismiss the idea of a Ood 
merely because He is beyond our powers of conception t 
The materialist is right when be says this or that doc- 
trine is inconceivable, hut he is wrong when he says I 
will not admit It; the idea or spuoe is inconceivable, 
tbat we must admit; the idea of infinite time is incon- 
ceivable, that we must admit ; the idea of infinite power 
is inconceivable; but, taking the view that infinite 
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space and inflDlte time are brought to oar knowledge, 
we mast admit the idea of infinite power. 
THE ▲TTJUBUTES OF DEITY DEDUCED FKOM A3TEON- 

OMY. 
Why, then, stop short or the idea of 1 ufinite wisdom 
and beneficence of the design of the Creator merely be- 
cause it is something that is Inconceivable to us f It 
seems to me, then, we may fairly turn from this to the 
consideration of the possible attributes of Dalty with- 
out being disturbed by the thought that the very notion 
of the Deity— of a being inttuite In exlstonoe. Id finite in 
space, infinite in time, infinite in power, Is inconceivable 
to us. Why, those very attributes that have been as- 
cribed to Deity are the things we have been forced to 
see. We began with inlluity of space, and it is infinity 
of space we attribute to the Almighty. We arc led from 
that to infinity of tin.e; thence to an infinity of po wer ; 
and it is by that we ure led to the mere physical con- 
sideration of the qualities of the universe. Thus, then, 
naturally we may turn to the thought of possible quali- 
ties on the part of the Deity and the way in which, in 
some sense, His authority may be exercised over the 
dominions of the universe. Take, for instance, the 
senses by which webeoame acquainted with the nor.uro 
of the universe, and let us remember how utterly feeble 
those senses Are ; on bow narrow a basis we form all our 
oonVeptions of the uuiverse. Tnere are live feeble 
senses; only one of those sense*, the sense of 
sight, brings to us any knowledge of outlying 
space ; and that sense existing only in two small pupil* 
which are to tell us of the uuiverse. We may, indeed, 
extend the powers of the eyesight by means of the tele- 
scope; but then we, in point of fact (I do not use the word 
in lest), see as through a glass darkly, because we have 
only a small pari, a small portion of the heavens brought 
out into view; and it is only by combining the views 
thus formed, combining them in the imagination, that 
we can form an estimate of the real wonders which ap- 
pear; so we can imagine what might be seen if 
the power of the eye was Increased to that of the largest 
telescope, and we can oonoeive what would be seen if 
the power of the eye was increased a million fold be . 
yond that of the largest telescope; the wonderful dls . 
plays of the dark clouds and masses of matter gathering 
in various portions of space, the power of recognizing 
their motions as the telescope enables the astronomer to 
do, learning the harmony existing in their motloni. 
That is something that the feeble sense of sight only 
adequately extended might bring before us. 

THE LIMITS IMPOSED BT OUR SENSES. 
Nay, there is another thought connected with this 
subject, which is dwelt upon in a little book called 
•'The Stars and Ejrth," which you may have seen— the 
author of that book is unfortunately unknown— that 
wonderful thought that ever v thing that has go ne on in 
the universe, everything that has occurred, is at the 
present moment conveying its message into the depths^ 
of space ; the time when life began on this earth, af 
though it may have been a million of years awHV, all 
that has happened upon the earth, is at this very mo- 
ment conveying its message into the depths of npace ; 
all that was happening during the millions and millions 
of years in which the earth was forming, is conveying 
its record into space. Nuy, further back, when the 
world was a nebulous mass, and when . the 
solar system was tteeinning, as we understand, 
that message is still being conveyed into the 
depths of space. Now if we admit the idea of a Deity, 
Infinite in ike power of sense and in toe power of per- 



ception, then to Him all those records are being at this 
very moment conveyed. But after all the sense of sight 
affords but one of tne feeblest methods of ascertaining 
what is going on. Our conceptions are feeble; but we 
can conceive more powerful means of learning what is 
going on. Light takes a certain time in traveling; it 
travels with enormous velocity ; bat siill our sense of 
sl«ht is not a cotemporaneous one. We have In- 
formation about a star at one time, whilo an- 
other star is presented to us at another time. The 
scene is not that which exists at the time it la 
presented to us. We turn to another force, the mes- 
sage of gravity, which, according to our present modes . 
ot measurement, acts Instantaneously, and conceive the 
possibility of a creature perceiving by It, as we see, 
ut the moment. We cannot doubt hut that all the in- 
formation that will be conveyed to such senses must be, 
as it were, possessed by the 1 ufinite and inconceivable 
Being occupying all space and existing for all time. If 
we have these various conceptions presented before us, 
we can think.as to what is possible on the part of the 
Almighty; but we have to remember that we too must 
be an absolute part, as It were, of His existence. The 
whole uuiverse is at this very moment conveying 
information not only and not merely about its present 
state, bat about Its past state. Every part of the uni- 
verse at this present moment is conveying its message, 
as it wore, to the Almighty. Nor can we doubt that a 
being of infinite power, of Infinite future exlstenoe is 
indicated by the present state of matters on this earth , 
for precisely the same reason that the present state ol 
things throughout the universe indicates what is past. 
It hIso indicates what will follow. We have then a new 
conception brought before us, or at least a new idea, 
which is utterly inconceivable; and added to the ideas of 
infinite space and infinite time and infinite power, we 
have an idea of an infinite knowledge of the Almighty. 
You see, then, we have been gradually led by the rtudy 
of these various orders of inconceivable ideas— we have 
been gradually led to those ideas about the Almighty 
which form so great a subjeot of dispute. It seems to 
roe to dispute this matter Is hopeless and must be end* 
loss, liecrtuse it Is based upon that which is Inconceivable. 

THE VAST VARIETY OP THE UNI7EBSE. 

But now let us consider the field through which the 
action or the Almlghry is extended. And here we have 
the teach rags of astronomy before us. We have thought 
of the wonderful power displayed, but have not con- 
sidered the wonderful variety. We have in our solar 
system, for instance, the great ocnrral orb that controls 
the system, an orb swept by oyolonlo storms, surrounded 
by the zodiacal light, circled by various planets, these 
planets differing from eooh other in kind; there is the 
terrestrial order of small plauets and giant planets, the 
asteroids and the multitudes of satellites and the meteoric 
svsteni9. All are traveling around the sun. We must 
recogulze the fact not merely of variety, but that these 
varieties must extend through iufluity. We see that the 
various suns, for instance, are not alike. Borne are 
double and others are single; some are variable and 
others are fixed. Then we come to these wonder- 
ful star clusters, changing like clouds before rhe 
Summer breeze. We see all these processes 
taking place whioh indicate a variety of exist- 
ence in worlds circling around the«e suns. 
Then we are lad to the question of lire, life to other 
worlds and of infinite life. I have brought It before von 
with more detail io this, the conclusion or thl* eourse ot 
lectures, because in rhe theory of life in other worios we 
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have a theory which, as such, seems to limit the domain 
of life. According to it our world is probably the only 
Inhabited world of the solar system ; according to it, 
probably in not more than two members of that system 
is there any life at all. Bat then when we remember 
that the systems are numbered by millions, and 
that there is an infinity of suds, it 
seems to . me such a conception is incorrect, 
and that, in anfcwer to another class of thinkers, from 
the infinity of numbers we hare no right to say that 
life does not exist where there are no creatures to study 
them. 

It seems to me as unreasonable, as these philosophers 
do, to deny existence except in relation to life, as it 
would be unreasonable to deny existence In this 
earth before there were creatures living upon 
it to admire the works of God seen 
from its surface. And after that the great 
point is that by the study of astronomy chiefly we have 
brought before us various forms of infinity and various 
forms of lnoonoelvabteness, and that this lnoonoelvable- 
nesa teaches us that religious ideas are not in any way 
to be dealt with merely as they affect our powers of 
conception, and it is no answer to any form of religious 
belief to say that it is inconceivable. We may say it is 
inconceivable that there should be a miracle* but here we 
have scienoe teaching us the infinite and the inconceiva- 
ble. Why then should we consider the mere argu- 
ment that such and such a work is inconceivable, when 
after all, it is only inconceivable to us because It is be- 
yond our experience. 

Wny should we say it is inconceivable as overthrow- 
ing any religious form of belief f It seems to me, then, 
the instructive part which astronomy brings before us 
are these inconceivablenessoe, for there are other 
studies which lead us down In an opposite direotion, an 
Infinite smalluess, an inconceivable Infinity of division 
and subdivision, and it may well be there are no limits 
in that direction also. Tuere are other thoughts. We 
are apt to limit our conceptions with the view which is 
brought b.fore us. It may seem a strange and startlln g 
thought that the very reason we possess may be merely 
a lower form, as it were, of possible modes of existence. 

THE SHORTNESS OF LIFE COMPARED WITH THE 
LENGTH OF TIME. 

We see different modes of existence— the existence of 
the mineral, the yet higher one of the vegetable, and 
the yet higher one of the animal— and we may separate 
the animal from the human in this sense— the higher ex- 
istence of the living creature. But may there not be 
higher orders of existence, orders as inconceivable to 
us as the sense of sight is to the blind manf It seems 
v to me these thoughts would well bear our study, and 
that it would be well to remember that what we know 
Is not the measure of that which is possible. 

Now, in astronomy after all— and I must leave there 
subjects, which do not belong to my domain, although 
1 think It not unworthy of the student of one science to 
show how his science throws light on subjects belong- 
ing to another— in astronomy after all we have to 
deal with space, we have to deal with the 
way in which space is occupied* And tbe 
great infinity that is brought before the student 
of astronomy is the infinity of space, is the infinity of 
unoccupied space. We pass from this earth on which 
we live, an orb that seems to us tbe emblem of all that 
is stable, all that is important and magnificent, and we 
find ourselves led step upwards to the higher orders of 
eiliteaae. We pass to orbs, ta the trot place, like 



the planets Jupiter and Saturn, orbs com- 
pared, with which this earth is a mere point. 
Then we are led to the sun, and there we 
recognise not merely dimension, but powers so 
great tfiat those other orbs from whtoh we have passed 
sink by comparison into utter insignificance. Then we 
are led to the -stellar distances, distances that separate 
one part from the other, and there is suggested to us 
one thought that is well worth the considering. If 
we take the analogues of one infinity and 
infer from this the analogues of another, we 
may well believe tbat the theory I have advanced 
about tbe time in which life exists is the true one. Fox 
be It noted, in space we find that occupied space bears 
what may be regarded as an infinitely small proportion 
to unoccupied space. In other words, throughout space 
we find tbe dimensions of each orb are infinitely small 
as compared with the distance separating it from its 
neighbors. And may It not be that in time the same law 
holds— that as the dimensions of an orb of matter 
are infinitely small as compared with the void around 
It, so the length of time occupied may be in- 
finitely small as compared to the unoccupied time 
on either side. That corresponds, as you will see, with 
my theory that life on this earth will last but an infin- 
itely short time compared to the void that has passed 
before and the void to be passed thereafter, and that 
this Is true of the other worlds constituting occupied 
space. 80 with this idea that tbe present condition of 
the sun, which is the center of circling worlds, is infin- 
itely short as compared with its future and Its past ex- 
istence. 

To return to the analogues of space, we pass from the 
solar system to the distanoes th*t separate that system 
from its neighbors in space. We pass from one orb to 
another. We pass to the star-clusters to which our sys- 
tem belongs, to tbe stellar cluster of -whiob, again, tbat 
is only a portion, and then we find ourselves brought face 
to face with infinity— with infinity of space, for that 
phase of infinity is all that I can venture to deal with. 
x>t I can remind you that we are led up from 
nature unto Nature's God; and when I Bay 
infinity or space, I cannot fail to recognize infinity 
of power and goodness also. Beelog. then, infinity of 
space, finding ourselves in presence of the Almighty, we 
are led to those feelings that tbe poet Rlohter ascribed 
to tbe man in that wonderful dream thut he desoribes, 
and which De Quinoy has translated. This dream I re- 
peated in one of my former lectures, but I know of no 
words more fitting in whiob to bring my leotures In this 
country to a close. 

PROCEEDINGS AFTER THE CLOSE OF THE LECTURE. 

At the <«jm<usion of the lecture, the Rev. Dr. 8. 
Iranseus Prime addressed the audience as follows: 

As this is the last lecture Prof. Proctor will give in 
this country, and as this is the last time his voice will be 
heard here, it gives me great pleasure to comply with 
the request of the committee who have had this course of 
lectures in charge, and present to Prof. Prootor a minute 
showing of feelings with regard to the course of lectures 
he has given to us. 

Having listened with the highest satisfaction and de- 
light to the lectures of Prof. Richard A. Proctor, whose 
fame had long preceded his visit to our land, we desire 
on his departure from us to return to his own, to give a 
faint but sincere expression of our gratitude to this 
illustrious sohoLir for tbe instructions we have received 
from his eloquent lips. He has led us with reverent 
I steps through the ' sublitneet paths of the heavenly 
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worlds ; and while he has brought down the Buns and 
stars that we may study th*m with him, their study, 
with his Kent us and learning as our guide, has taught us 
not to udmire only, but also to adore. 

In parting with Prof. Proctor we give him the as- 
surance of our grateful appreciation of his labors in the 
United States, our hearty congratulations ou the success 
which has attended htin through the 103 lectures he has 
delivered In his Journey of six months, and regretting 
that he Is constrained to leave us (for a season only, wo 
trust), we wish him a pleasant voyage, under propitious 
skies, an unclouded sun and favoring stars, and bid him 
to-night a respectful and affectionate farewell. [Ap- 
plause.] 

I shall now have the pleasure to say that the audience 
will listen to a few remarks from Prof. Newberry, to be 
followed by Prof. Hitchcock. 

Prof. J. 8. Newberry of the Sohool of Mines of Colum- 
bia College, in accordance with this introduction, spoke 
as follows : 

REMARKS BY PROF. NEWBERRY. 
Ladies and Gentlemen : In consenting to say a word 
in support' of the resolutions which have been laid 
before you, I felt at first that I had committed myself to 
a great Impropriety ; for if you look over the whole list 
of Bdenees, you will know that the one I am devoted to 
la at the other extreme, and that it has been far from 
the theme of Prof. Proctor's lectures, which have been 
showing to you the wonders of the heavens, and carry- 
ing yon from sun to sun and from star to star, while I 
am chained to the earth, and not only so, but am com* 
pelled to delve deep down into the mines that are sunk 
io its substance. And so while I oould not refuse to say 
the word that was asked of me, and thought that the 
Choice was one not fitting to be made, I think that 
perhaps in another sense It is not unfitting In Its 
propriety; for at the infinite remove I am from the 
subjects which have been brought before you, knowing 
that I have derived pleasure and light from the interest- 
ing lectures 1 have been permitted to listen to, I might 
take it for granted that the interest extends through all 
the ranks of scientific men, as if from some dark and 
remote corner of this audience there should come to you 
some echo of this appreciation and interest. [ Applause. 1 
8o I take extreme pleasure in saying that I have listened 
not only with interest but with great profit, and that I 
am greatly Indebted to Prof. Proctor for giving me so 
clearly and lucidly the last word upon the 
structure of the universe, the last word of what we 
know of the structure of the universe : and It would re- 
quire no great stretch of Imagination to say that I can 
weave into my studies of the structure of the earth 
what he tells us about the structure of the far distant 
orbs, inasmuch as he has shown that one plan pervad es 
the whole, and that nearly the same substances are in 
them, and that they are controlled by the same foroes. 
Therefore individually, as a geologist to him as an as- 
tronomer, and as a member of th* audiences which have 
listened to him, I am sure that I only express your feel- 
ings when I echo the gratirude which has been ex- 
pressed, and the good wishes for his wife return home 
and also for his speedy return to ns. [Applause.] 

REMARKS OF PROF. HITCHCOCK. 
The Rev. Dr. Hitchcock then added a few words. I 
am not sure, suld he, but I shall learn wisdom by and 
by. and decline Invitations to meet the gentlemen in that 
side room. [Laughter.] I came here to-night without 
the slightest idea of being called upon to say a word. I 
represent, without preparation , the science which tfeo 



eloquent lecturer of the evening will admit to be the 
mysterious queeu of all the sciences. I have been re- 
minded this evening, as I sat listening, of that striking 
remark of Emanuel Kant, the great metaphysical phi- 
losopher, to this effect : " There are two things that I 
stand in awe of— the starry depths and the sense of re- 
sponsibility in man." It has been a dictum of philoso- 
phy : '* I think, therefore, I am "—cogito ergo bum* 
What follows from the fact that we think infinitely 1 
The infinite thought pledges infinity of being to ua in the 
time to come. 

A word has been said by Prof. Newberry about the 
science that is bejaeath our feet, so to speak, in contrast 
with the science which 1b above our heads— the science 
of the microscope in contrast with the science of the 
telescope. That reminded me of the teaching of the 
Great Augustin of the Fifth Cantury, who, speaking o' 
Qod, said : " Great in great things {mag nut in magnig); 
greatest in the littlest (in minimis maximus)." Those 
who have heard Prof. Proctor will bo only too glad to 
welcome his return to this land, aud we shall all give 
him a hearty good by, and shall follow him in imagina- 
tion, not to the May-poles, I suppose, of Merrle England, 
but to greener grass and a softer sky than he leaves be- 
hind him. God bless him on his voyage. [Long ap- 
plause.] 

MR. PROCTOR'S PARTING WORDS. 

Prof. Proctor then rose and advanced to the front of 
the platform, and was received with great applause. He 
said : Ladles and gentlemen, I do not remember ever to 
have felt feelings so strangely blended as those that I 
recognize at the present time. I cannot say that I am 
sorry to go home. You can conceive that after an ab- 
sence of six months from my own house, quite apart 
from all questions, all thoughts of revisiting England— 
and I am an Englishman at the heart— quits apart from 
all those thoughts, the very thought of going home 
again to my wife and children would bo one that natu- 
rally must make me feel glad. [Applause] But, on the 
other hand, I can say unaffectedly that I feel a true feel- 
lug of sorrow at the thought of parting with the Ameri- 
can friends that I have madp, or rather that have wel- 
comed me as friends on this side of the Atlantic. To 
say that I have made friends would bo to indi- 
cate qualities in me that I do not possess; 
but I have experienced friendship; that is 
rather the way iu which I would put it. I 
have experienced friendship on all hands and kindness 
from every one the whole time I bavo beou here. It has 
seemed to be the common thought of all I met, not 
merely to show kindness, to help, but from one and the 
other I have had kindness aud help, as though my plans 
and purposes were the very oijecc in existence of those 
gentlemen who assisted me. Then Profs. Morton, 
jTouuians, and— but why should I mention names, 1 why 
make Invidious distinctions! Everywhere throughout 
the length and breadth— I was going to say of the land; 
but I did not visit the whole; I visited the length and 
breadth of a large section, but do not speak of the dis- 
tance from the West to California, or from St. Louis to 
New-Orleans and Florida, for those regions still remain 
un visited. Out all the other sections of the land that I 
visited— throughout the length and breadth of it, 
I have had nothing but kindness. 

Then again, I have had an opportunity of see- 
ing the way in which solence is progressing in 
this country; and to the student of science there 
is something peculiarly hopeful as to the manner 
in whleh science is pursued in this country. The 
Tha present condition of this land. Its advancing sea** 
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Hon, SUA the absolute necessity there is that In tola 
large country its inhabitants should devote a large por- 
tion of their time to material interests that Is to he con- 
sidered. But in the way in which soienoe is undertaken, 
the generous way Id which men irlve their time to it, 
the Ingenuity with which they endeavor to advance 
*oeneo, the fresh thoughts they take, and the plans 
they employ— there is in all this something hopeful to 
one who has learned' to look with regret ou the fondness 
ihown on the otb9r side of the Atlantic for following 
old paths and not trying fresh modes of research. Be- 
fore I sit down let me say that in one sense I 
find mytelf more comfortable lu speaking to 
yon now than I was on the former occasion when I 
spoke in this hall. Then I was, although not at the 
beginning of my labors in America, I was at the begin- 
ning of the most important, part of those labors. You 
doubtless know that in the three months before that 
time I gave but 29 lectures ; in the three months follow- 
ing I gave 73; and. therefore, if I spoke at that time 
highly of thisoouiitrr.it might be in the thoughts of 
some that my expressions of respect for American 
science might be perhaps a little exaggerated in 
presence of the approaching- visits I was about to 
make to the centers of science in this countrv. and that 
the gratitude I then expressed for the kindness I 
received might be that form of gratitude that 
ha* been described as " a lively sense of favors to come." 
[Laughter.] But there is one thing I feel it desirable to 
mention at this time— th it my admiration for Am or loan 
science has not dated from my visit to this country, but 
preceded it. and has been expressed more strongly than 
expressed hero, in books written before I ever thought 
of visiting this oountrv. With these thoughts, with this 
remembrance of the kindness of this country, with these 
hopes as to the future of science in this couutry, as to 
the great advance science is to make under the labors 
of men in this country, 1 return to England; and I 
ean assure yon that I shall convey to En- 
gland with me a sense of the warmest 
possible gratitude toward this country, and 
• sense that I return to England with muoh that I have 
learned. Lastly, ladies aud gentlemen, to the persons 
who are here present I have only to convey again my 
warmest, my sinoerest, my most unaffected thanks. 
[Great applause, during wnioh the speaker retired.] 

Dr. Prime then said : If there is no objection, we will 
consider the resolutions as unanimously adopted. The 
audience then, after a hearty round of applause, slowly 
dispersed. 



THE GERM T HEORY OP DISEASE. 

A LECTURE BY PEOF. C. P. CHANDLER. 

6KRKS DEVELOPED IN FERMENTATION AND PUTRE- 
FACTION—THE THEORY THAT DISEASES ARE DUE 
TO THE ABSORPTION OF QRBMS INTO THE HUMAN 
SYSTEM. 

Prof. Chandler of Columbia College delivered 
• lecture, March 81, at the Stevens Institute of 
Technology, Hoboken. on the subject of Fermentation 
and the G*r m Theoxy of Disease. The first part of the lec- 
ture was devoted to elucidating the changes which take 
place in organic bodies during fermentation and putre- 
factive processes. 

In 1680 Louwenhoeck discovered with his new micro- 
scope the yeast globules. In 1787 Fabrionl advanced the 
doctrine that the yeast was an acid which acted upon 
the sugar as a base, saturating with carbonic acid and 



alcohol just as hydro-chloric acid acts upon chalk to 
form oarbonio add and chloride of calcium. In 1808 
Theoard advanced the idea that the yeast eats a little 
of the sugar; assimilates a portion and rejects the rest, 
as alcohol and carbonic acid. Stahl suggested cataleotio 
action, and Lieblg advanced that idea and long defended 
it. He thought that the oxygen of |the air starts the de- 
composition of .the albumenizdd matter, and that the 
activity developed in this way is simply communicated 
by contact with the susrar, which is literally broken 
to pieces by the forces at work in the yeast. 
In 1837 De La Tour suggested the true explanation of 
fermentation, namely, tnat it is an effect of the vegeta- 
tive active action of the yeast. This theory reoeived no 
attention at the time. In 1848 Heimholz experimented 
in solutions of sugar, in which the yeast was limited to 
a portion of the solution by a membrane, and proved 
that the action was limited to the yeast globules. Pas- 
teur finally established the doctrine that the growth and 
reproduction of yeast fungus only takes place in fer- 
mentible liquids, and that alooholio fermentation only 
occurs when the yeast plant is present in a state of 
active development. 

This discussion necessarily involves to some extent 
the question of spontaneous generation— a a oc trine 
which was reoeived without question by the early 
Greek*, and which only disappeared within the last two 
oenturles, and has been recently revived, to the great 
horror of many very good people, who think that any 
idea that is contrary to their prejudices is necessarily 
very wicked* Aristotle supposed that oysters and all 
shell-fi*h, many Insects, and even eels, were gener- 
ated spontaneously in the mud ; that maggots 
grew spontaneously in putrefying flesh. The story of 
the bees found In the carcase of a dead lion by Samson 
was supposed later to furnish a Scriptural foundation 
for the doctrine of spontaneous generation. Bedl was 
the first to prove that maggots were simply the young 
of flies. He advanced the doctrine Omne visum 
a* vivo: no life without antecedent life; a 
doctrine which we now call biogenesis. 
Considerable discussion took place, and numerous ex- 
periments were made to throw light on this subject. 
These the lecturer described in some detail. For a while 
the idea of spontaneous generation was pretty effectu- 
ally disposed of, and it came to be generally be- 
lieved that all life was derived from previous life, but 
the introduction of the microscope and the dlsonvery of 
infusoria revived the question, aud a new discussion 
started, which has been going on for the last 20 years. 
In the case of almost every living form it is found that 
what appears to be the spontaneous developmont of an- 
imals aud vegetables is simply the development of 
spores or germs that are constantly floating In the atmo- 
sphere. These find their way into liquids and moist 
substances which furnish the proper soil for their devel- 
opment. 

The analogy between fermentation and the develop- 
ment of infectious diseases was then pointed out, and 
numerous Instances In whioh disease hits been directly 
traced to parasites through animals or plants were cited. 
Among these were the internal parasites, the ttsnium 
solium, or the pork tape- worm, which appears in the 
measles of pork in the form of quiescent arysiieercus, and 
whioh deyelops,when eaten as human food, into the tape- 
worm ; the similar tape-worm contained in the measles 
of boef and veal ; the dog tape-worm, which produces in 
Its younger form the hytadid tumors In man. Tae last la 
the worst of all tape- worms; 000 persons are supposed 
to die annually from It in Great Britain. Another f rtgmV 
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fnl internal parasite which attacks man Ib the trichina 
tpirallt; it appears in the hog in the en- 
cysted condition* Is eaten in pork, and se- 
cretes itself in the alimentary canal of man. 
The little worms being set tree, attach themselves to the 
walls and develop with frightful rapidity in five or six 
days. Each family produces from 630 to 1,000 worms. 
As one ounce of pork sometimes contains a quarter of a 
million worms, it is no wonder that a meal of raw pork 
should prove a very serious Indulgence. As soon 'as tbe 
young worms are born they eat their way all over the 
body, get into the blood-vessels, and are carried every- 
where. Death generally ensues in from 15 to 60 days. 

Beveral cutaneous diseases are known to be caused by 
the growth of fungi ; the ring-worm and similar affec- 
tions, for example. The development of iutornal vege- 
table parasites in both plants and animals was the next 
subject of discussion. The potato-rot, the muteardine 
of tbe silk-worm and house-fly, and the petrine of the 
silk-worm were described as examples. The latter dis- 
ease, said the Professor, cost France by the damage in- 
flicted upon the silk crop more than $900,000,000. 

The development of bacteria in the blood of animals, 
and the production thereby of most fatal and malignant 
diseases, has been the subject of interesting experiments.' 
Instances of ;the effect of inocuLiting infected blood 
were cited, and the fact was stated that the bacteria are 



invariably found in the blood of peruras suffering from 
typhoid fever, small-pox, scarlet fever, puerperal fever, 
and other diseases. The investigations upon vaccine 
virus bring this contagion Into the same category with 
the other fungoid diseases. It was thus shown that but 
little is needed to establish fully the gern theory ; that 
many of tbe most fatal diseases known to man. aueh as 
cholera, typhoid, typhus, yellow fever, etc., were gen- 
erated in this way. The analogy in the mode of devel- 
opment, the Introduction and the course of the symp- 
toms, and the production of the contagion, was clearly 
pointed out. 

Dr. Beale's theory supposes that these diseases are not 
developed by special germs, but that the white oorpos- 
cles of the blood, which in their normal or regular devel- 
opment are produced in tbe ordinary course of life, may 
develop, under special circumstances, abnormally into 
bodies—germs we may call them— of diseases which not 
only produce this disease in the person in whom they are 
developed, but wbioh may pass out as do the spores of tbe 
fungi, and, entering the bodies of other persons, produce 
a similar disease. 

The lecturer closed with a discussion of the means of 
prevention, which depend upon the prevention of the 
development of the diseased germs, the greatest protec- 
tion being afforded by cleanliness. 
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SESSION AT WASHINGTON — Fibst Day. 

CLASSIFICATION OP INSECTS — AN AUTOMATON TO 
PLAY TTiyrAT-TOO — HOW AND WHY WE HEAR — 
SOUNDS DWELLING IN THE EAR — FLAME PRE- 
VENTING SOUND FROM PASSING — THE STRENGTH 
AND WEAKNESS OF PINE WOOD. 

[FROM THE SPECIAL CORRESPONDENT OF THE TRIBUNE.] 

Washington, April 21. — The National Academy 
of Sciences is obliged by the terms of its charter from 
Congress to hold a meeting in April of each year at 
Washington. It usually happens that the accumu- 
lation of papers which the members are anxious to 
put on record is too great to wait for the annual op- 
portunity, and that a meeting is called some time 
during the Fall to throw off the superfluous load. 
This was the case last year, and led to the meeting 
in New York in October, which was fully reported 
at that time in The Tribune. But the Washington 
meeting is always regarded as the one of greater 
consequence; and as the National Academy is the 
highest scientific body in the country, this session 
must be considered as oflhe utmost importance. To 
it the most eminent men in their special pursuits 
whom America possesses, contribute the fruit of 
their painstaking researches, not unfrequently em- 
bodying in a single paper the labors, not to say the 
aspirations, of months or even years. 

The meeting was held at the Smithsonian Institu- 
tion, a temple of science which is the fitting reposi- 
tory where from all lands and seas curious and val- 
uable things have been collected, till now it takes high 
rank among the few great museums of the world. 
The venerable Prof. Henry, Secretary of the Institu- 
tion, presided over the deliberations of the Academy. 
The limited number who by the system of election 
can be joined to our " immortals" were more 
largely in attendance than last year at Columbia 
College. There was a sprinkling of curious visitors, 
but the Academy makes no bid for popularity. 

Prof. Le Conte was called upon for the opening 
paper, which was a delicate compliment to a rival 
institution, as he is the President elect of the Amer- 
ican Association for the Advancement of Science, 
a body which has a larger hold on the popular heart 
than the Academy. 



CLASSIFICATION OF THE RHYNCHOPHOROUS 

COLEOPTERA. 

BY JOHN L. LE CONTE, M.D. 

Dr. Le Conte's paper began with ao allusiou to the fact that 
at the January meeting of the Academy of Sciences in 1867 
he had opened the subject now under consideration. The 
({roup of insects referred to are exceedingly complex in their 
characteristics, and good European entomologists had made 
frequent efforts to settle their classification. These attempts 



were reviewed historical ty, and the methods and systems were 
detailed of Schonherr ii« 1833-34 and Prof. Lacordaire In 1863, 
the latter being somewhat supplementary; of Mr. H. Jekel In 
1860; the remarks of If r. Suffrain In 1847, and of the work of 
Prof. G. G. Thompson in 1866, and the careful studies of Dr. 
George H. Horn, 1873 From the lakt-named work Dr. Le 
Conte selects a statement concerning the males of some genera 
having eight and the f e males seren dorsal abdominal segments, 
and calls attention to 1 he importance and wide extent of this 
characteristic. He has made a series of dissections of Rhyn- 
chophorous insects, snd makes a division of them into three 
series : (1 .) Haplogas ra, haying al idomen alike in both sexes ; 
ventral segments no< prolonged upward into a sharp edge. 
(2.) Allogastra, abdomen dissimilar in the two sexes; ventral 
segments prolonged r pward, forming a sharp edge. (3.) Hetero- 
gastra, abdomen ali&e in both sexes; ventral segments pro- 
longed upward to fit into tbo elytra! groove. Many other dis- 
tinctive characteristics wero given, with a detailed description 
of the very numero'is genera belonging to each of the series. 
Although princi]ally devoted to classification. Prof. Le 
Conte's paper gave nany points respecting the habits of some 
of these destructive insects. The Attelabldsa and some 
Rynchitidfe provide for their progeny in the Spring. The 
females roll up the leaves of trees and deposit in each roll an 
egg, the inside of *ho leaf furnishing food to the larva when 
hatched. Other B inohites deposit their eggs in yonng fruit, 
the kernel of whiii Is eaten by the larvae; others in undevel- 
oped buds of tre<«, which are thus destroyed. A European 
species of the RhinomaceridsB deposits eggs in the male flowers 
of the Pinus tnnritimtu, the development of which is thus 
prevented. The results of years of laborious dissections and 
study seem to hnvo been compressed in this paper of Dr. Le 
Conte, and the exact anatomy and characteristics of a vast 
number of insert?, many of them the pests of the husband- 
man or fruit-ra.scr, were given at great length; bat the paper 
was far too tedurical for the average reader. 

AN AUTOMATON TO PLAY TIT-TAT-TOO. 

BY PBOF. * AIRMAN ROGERS OP PHILADELPHIA. 

This paper described combinations of mechanism for imitat- 
ing mental pr»ceHses, illustrated by means of diagrams showing 
the peculiar requirements of an automaton which should play 
the game of tit-tat-too against an opponent; the play of the 
automaton to be a resultant effect of the play of his opponent. 

Among the various classes into which machines may be 
divided, we And those which have for their object the mere 
transformation of motion according to various sequences, as is 
the case in blocks, certain portions of moving machinery, and 
especially calculating machines. In all these the apparatus 
being constructed according to a certain law, goes through 
operations automatically, which resemble to a greater or less 
extent the operations of the human mind. In the case of the 
calculating machine it reproduces and extends in a regular 
sequence the form with which it starts. 

Babbape. in speaking of his analytical engine, has suggested 
that a m.'ichlne might be made which would play a game of 
combination such as draughts, provided the maker of the ma- 
chine himself could work out perfectly the sequences of the 
game. 1 le does not appear to have published anything further 
on this Kubjoct, except to suggest that the child's game of tit- 
tat- too is the simplest of all the games of combination, and 
therefore possible to be played by an automaton. 

The author of this paper finds that the sequences of this game 
being rea«lily tabulated, it is possible to arrange a machine 
which wi* I follow them, and which will have the power of ap- 
parently selecting the course which will lead to success when 
there am two ways open to it. It differs from the calculating 
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machine in no far that it not only follow* out a regnlar 
sequence as the result of Its construction, but It is able 
to follow oat the principle of the frame when modified 
by the varying aod unexpected moves of its antagonist. 
The manner m which this is done is briefly as follows : 
The opponent to the automaton makes the drat move in 
thegatne, and in so doing causes a certain cylinder or 
equivalent devioe to change its position. This, from the 
construction of the apparatus, causes the automaton to 
make that play which the proper sequence of the' game 
requires, and at the same time moves the corresponding 
cylinder into position. The next play of the opponent 
moves the third cylinder, and the combination of the 
three cylinders determines the action of the automaton 
for the fourth; and so on throughout the soquenoe. If the 
player plays perfectly, the game will be drawn, as the 
automaton's play Is mathematically correct. If the op- 
ponent makes a mistake, the automaton, by a simple de- 
vice, takes advantage of it, and makes such a play as to 
win the pame. Illustrations were then given on the 
blacxboard, showing that there were three general con- 
ditions of the problem, the third being much more com- 
plicated than the other two. 

The application of this mechanism to a game of this 
kind is Intended to Illustrate its character, and to show 
that its addition to apparatus for registering physical 
phenomena, or for performing geometrical or mathe- 
matical operations, may enable such mechanical de- 
vices to have a use muoh more extendod than hereto- 
fore. 

The paper of Prof. Bogers excited much interest, 
and the practicable character of the proposed autom- 
aton was very clearly demonstrated. Prof. Hil- 
gard inquired now many pieces of machinery were 
necessary. Mr. Rogers said that in the first of the 
three cases involved by the problem, there were 18 
leverB required; in the second case, 32; in the third, 
48. As many cylinders were required as there are 
units in the game ; as many levers as there are com- 
bi nations. To economize machinery, the board it- 
self turned round a half or more. 

Prof. Hilgard asked whether we do not really 
think very muoh as the automaton acts— whether 
the mental process was not similar to the mechani- 
cal. Prof. Henry said that the question was trans- 
cendental in its character. Mr. Rogers mentioned 
that several solitaire games could be played by an 
automatou,and that the machinery for this was very 
simple, but it had not the same interest as a machine 
which could take advantage of an opponent's mis- 
takes. 

Three papers by Prof. A. M. Mayer of the Stevens 
Institute of Technology, Hoboken, in the absence of 
their author, were road by the Secretary of the 
Academy. •_ 

FUNCTIONS AND MECHANISM OF AUDITION. 

BY PROF. A. M. MAYER. 

This paper was entitled Suggestions as to 

the Functions of the Spiral Scalro of the Cocblea, lead- 
ing to an Hypothesis of the Me«rbauism of Auaitlon. 
It opened by a reference to the paucity of investigations 
on the form and fuuctlons or the cochlea, aud mentioned 
as the principal if not the only contribution to the sub- 
ject the statements and suggestion s of Dr. J. W. Draper 
in his work on physiology in 1353. Prof. Mayer dissents, 
however, from the view taken by Dr. Draper respecting 
the action of the auditory apparatus, basing his objec- 



tions on a measurement of the wave-lengtbs of the as- 
sumed vibrations and a comparison of those lengths 
with the lengths of the spiral seals* which were believed 
by Dr. Draper to be the subjects of these vibration*. 
**rof. Mayer shows that the seals) are too short to fulfill 
the requirement. 

Prof. Mayer's paper then gives a careful, detailed, 
technical review of the anatomy of the ear. He then 
undertakes to show that t*>8 significance of these ana- 
tomical relations is to hriog tie sound vibrations to act 
with the greatest advantage on the oo-vlbruting parts 
of the ear, and to cause these parts to make one-half as 
many vibrations in a given time as the tympanic or 
basiolar membranes. This is demonstrated by an ex- 
tended review of the functions and possibilities of dif- 
ferent portions of the auditory apparatus. In the course 
of this train of argument Pror. Mayer advances the view 
that what are known as the halr-oell cords, having 
swellings in the middle of their lengths which cause 
chem to aot like loaded strings, are probably so consti- 
tuted that each hair-cell cordis adapted to oo- vibrate 
with only one special sound. He mentions, reforrinir to 
one of his own discoveries reported in The Teieunb 
last October, that those hair-cell cords are placed in 
reference to the pulses striking them, somewhat in the 
relation which the external fibrils of the musketo bear to 
a wave-surface to whioh their lengths are perpendicular. 
If his view be correct, these cords bear to the membrane 
to whioh they are attached, the same relation as 
stretched strings bear to the vibrating tuning-forks in 
Melde's experiments, and therefore a cord in the duo 
tus of the ear will vibrate only half as often in a second 
as the basilar membrane to which it is fastened. 

Prof. Mayer was able to illustrate this theory by an 
apparatus devised for the purpose. But perhaps the 
most cou vl ncing experiment in support of the hypothesis 
was this » a tuning fork held near the ear causes a sen- 
sation corresponding to the designated pitch of the fork. 
But the vibrations of this fork can be sea: to the inner 
ear through the bones of the head. Now if we first hold 
the fork near to tha ear and note its pitch, and then 
press it firmly against the temporal bone, we per- 
ceive a marked difference; we hear the simple sound 
of the fork accompanied by its octave. By a va- 
riety of modifications this effect was clearly brought 
out, the sound communicated only to the internal ear 
always having the higher octave of the foik singing 
along with its usual note. If the external ear be now 
closed, the higher octave sounds as loud as the original 
note. Prof. Mayer has the testimony of an accomplished 
uiusiciun to the success of this remarkable experiment. 



DURATION OF THE SENSATION OF SOUND. 

BY PROF. A. M. MATES. 

This paper was 'headed Abstract of a Re- 
search in the determination of the Law connecting the 
pitch of a sound with the duration of its residual sensa- 
tion, and on the determination of the numbers of beats 
—throughout the range of musical sounds— which pro- 
duce the most dissonant sensations; with applications 
of these laws to the fundamental facts of musical har- 
mony, and to various phenomona in the physiology 
of audition. Prof. Mayer save the particulars of a se- 
ries of experiments by which it was ascertained what 
must be the frequency of successive sounds to have them 
blend lndlstinguishably together. Worked out mathe- 
matically, the data indicated that the residual sensation 
only occupied one five-hundredth of a second In the case 
of 40,000 vibrations per second; but in the ease of 40 
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vibrations to a second the residual vibration was one- 
eleventh of a second. Ho concludes that the whole ear 
vibrates as one mass, and the durations of these oscilla- 
tions of the whole ear are far too short to remain one- 
thlrfleth of a second. He thinks that this explains our 
Inability to distinguish the actual pitch of sound when 
that pitch exceeds certain well-known limits. One of 
the most remarkable deductions was that the duration 
of the sensation depends upon pitch rather than upon 
Id tensity. A considerable difference lu intensity has 
very little effect upon the duration. 

Among the Inferences which he draws from this 
Investigation is that the timbre of a composite sound 
begins to change at the instant the vibrations causing it 
oea&e, and the residual sensation becomes more and 
more simple till at lust only the simple sound of the 
fundamental barmbnio remains In the ear. Tnero are 
analogous phenomena in respect to the sensation of light 
to the eyes. Another deduction is that a composite 
sound can be analysed by means of a revolving disc with 
sectors cut out of it. Interposed before the ear. Already 
this line of research has cleared up many obscure points 
In the theory of audition, and it bids fair to correct 
many grave errors into which previous investigators 
have fallen. 



REFLECTION OF SOUND FROM FLAMES AND 

HEATED GASES. 

BT PROF. A. M. MAYER. 

This was a series of experiments showing 
that flames, heated gases, and cold gases of densities 
differing from that of the atmosphere, can reflect sonor- 
ous aerial vibrations, and the experiments have also 
given a measure of the reflecting power of flat ga& flame. 
Prof. Mayer was incited to this investigation by read- 
ing the exceedingly interesting experiments of Prof. 
Tyndall on the stoppage of sound in a non-homogeneous 
atmosphere, and the description of an apparatus devised 
by Mr. CottreU to Illustrate this, and also a paper by 
that gentleman on "The Division of a Sound Wave by a 
layer or Flame or heated gM into a reflected and trans- 
mitted Wave.V 

Prof. Mayor's method of illustration is simple and 
easy of performance. Ho takes two similar resonators 
and places the planes of their mouths at right angles to 
each other. Then in this angle he firmly Axes the tuning- 
fork corresponding to the resonators so that the broad 
face of one of its prongs faoes the mouth of one reson- 
ator, while the space between the prongs faces the 
mouth of the other. Complete Interference of the sounds 
Issuing from their mouths is obtained, and the only 
sound that reaches the ear is the faint sound given by 
the fork's action on the air outside the angle included 
t>v the mouths of the resonators. If in these circum- 
stances we close the mouth of either one of the resonators 
with a piece of cardboard, the open resonator will 
strongly ree' a force the sound of ttte forks. If we now 
cover the mouth of this resonator with card-board, we 
shall again have silence. 

Now substitute for oard-board, when both resonators 
are open, the flame of a bat's wing gas-burner, with one 
resonator, and use something more permeable to sound 
than the oard-board with the other. By trying a aeries 
of more and more permeable diaphragms, it was found 
tliat tracing paper Just equaled the effect of the gas- 
flamo in guarding the mouth of the resonator from the 
entrance of sound. A sbeet of heated air above the gas- 
burner was found to be exactly equivalent to the gas- 
flame. The passage of a sheet of oold coal gas over the 



mouth of the resonator produced a similar effect; and sc 
also did carbonic acid gas, though in less degree; but 
cold, dry hydrogen closed the mouth of the resonator 
more effectively than either of the above gases, though 
not equal in this respect to the heated air above the 
bat's wing flame. Among other curious results, Prof. 
Mayer has ascertained that there is an absorption of 
sound in the bat's wing flame ; that the flame is heated 
by the sonorous vibrations which enter it as such, and 
issue as heat vibrations. He has endeavored to obtain 
a quantitative mathematical analysis of this absorption 
and hopes for exact result). 



TESTS OF THE STRENGTH OF PINE. 

BT PROF. W. A. NORTON OF TALK COLLEGE. 

This paper was exceedingly elaborate, and 
gave the results of a series of experiments on the sets or 
residual deflections of pine sticks after having been 
subjected to a transverse stress. In 1869 Prof. Norton 
demonstrated that the received theoretical formula for 
the deflection of rectangular beams under stress re- 
quired the addition of another term, varying directly as 
the length and inversely as the breadth and depth of 
the beam. Since then he has been more recently ex- 
perimenting upon residual sets or deflections. Tbe 
apparatus for testing was described at length and with 
groat detail. Great care was taken to guard against 
incidental errors, especially in respect to consequences 
of changing temperature during tlie stress. There was 
evidence that after repeated strains a molecular change 
took place in the wood, and the effect of strain, after an 
interval of rest, to a great extent not only passed away, 
but even left the stick with less set than it Lad a short 
time before. A groat number of curious and seemingly 
contradictory results were obtained in the course of 
these Vfry numerous and varied experiments. As one 
of the results obtained it appears that a load equal to 
one-fourth of the breaking weight produces a perma- 
nent set, and that repeated applications of this load 
from day to day are attended with a continually in- 
creasing set. It results that such wood should never be 
subjected in any structure to one-fourth of its breaking 
strain. 

Prof. Hilgard suggested that it was desirable to 
use material for these experiments that could be 
examined optically, such for instance as glass. He 
also suggested the extreme similarity of Prof. 
Thurston's experiments upon the torsion of pine 
sticks. Prof. Norton was not inclined wholly to ac- 
cept Prof. Thurston's method of explaining the phe- 
nomena. Prof. Hilgard mentioned that glass rods 
took a set under torsion ; Prof. Henry urged tbe 
use of homogeneous material in these experiments, 
and Prof. Sogers suggested brass as a suitable sub- 
stance ; he agreed with Prof. Hilgard in regarding 
the pine stick as a mere collection of fibers with 
more or less rosin between them. 

The proceedings of the day were closed with the 
reading of a biographical sketch of Prof. Henry 
James Clarke. 
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THREE NOTABLE ESSAYS-Second Day. 

DH. BROWN-SEQUARD'S THEORY OF THE OPERATION 
OF THE NERVES AND BRAIN— PROF. NEWCOMB 
TELLS OF WHAT AMERICA IS DOING FOR THE 
COMING TRANSIT OF VENUS— MAJOR POWELL'S 
EXPLORATION OF THE CANONS OF COLORADO. 

Washington, April 22.— The session of this day far 
exceeded, its predecessor in interest. It is rather un- 
fortunate that the Academy makes no announce- 
ment in advance of the programme fur tbe day, but 
this is of a piece with its general indifference to 
public attention. Not only is no programme pub- 
lished, bat scarcely any is arranged in advance. 
Only a few of its members knew that Dr. 
Brown-Sequard was to deliver an address; 
still fewer knew that Prof. Newcomb was to speak, 
and there was an element of uncertainty even as to 
Major Powell. Had.it been generally known that 
Dr. Brown-Seqnard would tell us something about 
our brains, there would have been no difficulty in 
packing the long ball of the Smithsonian with an 
eager audience. A master of a subject with which 
few are acquainted, he brings to every utterance 
upon it the rare results of his own inquiries 
coupled with a freedom from prejudice in favor 
of antiquated views that is rasp in his profession. 
Id this address he gave a clearer expression 
than ever before to his own views of the struc- 
ture and functions of the brain and nervous 
system. Hitherto his lectures seem to have been too 
much confined to tearing down the edifices of theory 
which his predecessors have so laboriously reared. 
The present address is not open to that objection, 
though it does good service in exposing the fallacy 
of views recently advanced by Dr. Perrier of En- 
gland, formed on a narrow circle ot experiments, 
which have threatened to lead us back into the 

m 

mists of eiTor from which we were gradually emerg- 
ing. 

The address of Prof. Simon Newcomb, the emi- 
nent astronomer of the Washington Observatory, 
has an immediate interest. Very recently The Lon- 
don Times, in a very long article describiug the 
preparations making for observations on the transit 
of Venus, dismissed those of Amenca in a sentence 
of almost- contemptuous brevity, to the effect that 
little or nothing was known about them. It is a 
fact that our preparations are of the mo3t thorough 
character, that they embrace novel and ingenious 
modes of procedure, that they are worthy both in 
their scale and character of the nation and of Amer- 
ican science, and that they bid fair to accomplish 
excellent results. It was to teJl of this that Prof. 
Newcomb emerged from the peciusion of bis watch- 
tower in the skies— a man of bashful and retiring 
manner, plain and thoughtful in his words, and giv- 
ing his facts with simple directness of expression. 
Both Prof. Newcomb and Dr. Brown-Sequard speak 
without notes, and do not prepare their communica- 
tions in manuscript. 

Major Powell's description of the Canons of Colo- 
rado brings freshly before us the wild features of 
that strange Western country which he has done so 
much to explore. His expedition seems to have 



penetrated regions hitherto deemed almost inac- 
cessible, and he has brought back a large amount of 
information of value from a scientific point of view, 
as well as an exceedingly entertaining narrative of 
adventure. 

Notwithstanding the fact that so few knew what 
was in store for them, there was a considerable 
popular audience present at the session, including a 
number of ladies. 

FUNCTIONS OF THE BRAIN AND NERVES. 

BY DR. C. K. BROWN-SEQUARD. 

The title of this address was " On the Pre- 
tended Localization of tbe Mental and the Sensorial 
Fuuctiun* of the Brain." Dr. Brown-Sequard began by 
saying that the subject has been rendered more difficult 
by assumptions of physiologists upon insufficient data. 
Among the views which have been recently pat forward 
upon the localization of nervous power in oerraln 
parts of the brain, there are two of importance: 
One relate 8 to tbe seat of power actuating 
inufcles, and the other is as to the Beat of 
sensation for different nerves. In the latter particular, 
I shall review especially tbe assumption in renpect to 
the seat of power for speech. The following are some 
of the old views respecting the localization In the brain 
of tne various faculties. There was a theory put for- 
WHrd by Mill lor of Berlin which for a time had great 
popularity. It was, however, absolutely wrong. It 
assumed that as regards tb« power of tne action of 
the will on the muscles, the brain must 
be considered as the keys of a piano. When 
the soul or the will acted to produce a movement, it was 
supposed to act upon the nerves as tbe fingers upon the 
keys of a piano. As regards sensation, the mechanism 
wus supposed to be equally simple; It was supposed 
that there were elements by which the sensations were 
transmitted through the whole system, without any 
break, through the spinal cord to the brain. 

DEFECTS OF THE MECHANICAL THEORY OF TUB 

NERVES. 

This theory assumed that sensation was conveyed 
through tbe body by tbe nerves, as the bells rung in 
any part of a hotel have the sound conveyed along 
wires to a central office, where the fact is recognized 
from where the call may come. But this assumption 
was just as false as It was simnle. There is no sueii com- 
pa< a t continuity. Pathology shows that there is no foun- 
dation for such views. In the first place, the 
spinal cord (which Is tbe organ through which 
all the nerve fibers or conductors coming through 
the bruin have to pass aud also all the conductors com- 
ing from the periphery to the brain have to pass) can 
be destroyed in great part without destroying either 
the power of motion or the power cf receiving sensa- 
tions. There are facts respecting the medulla oblon- 
gata, which as you know is between the brain and the 
spinal oord, which place this beyond the reach of ques- 
tion, and prevent MtillerM theory of meohauism from 
having our permanent acceptance. 

There are other facts relating to this question whicli 
are certainly quite clear. There are animals utterly 
wirbout brain, which still exercise tbe functions that are 
suppos"d to be located In that organ, such for Instance 
as the Amphioxus lanceolatut. In others we find the 
part that answers to Ihe brain is hardly large enough 
to meet tbe requirements of such an organ* 
Now if you bold your arm upon a table 
and try to make dots with a pencil la your 
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fingers without changing the position of your arm, you 
will be able to make perhaps 1,000 points. Wei), if such 
a power as that exists— and, indeed, the number which 
I hove given U not too large, as I have counted 792 
points made by myself, and I am a miserable draughts- 
man— if such a power exists with bo little movement, 
you can easily understand what an immense n urn it or of 
fibers It would require to establish communication be- 
tween the bra^n and the periphery, were all the fibers 
continuous from the brain to the periphery, or vice 
versa. Attain, if we divide a portion of the spinal cord 
we may find a diminution of sensution and voluntary 
movement, or both, below tuo point of division; but the 
communication is not utterly severed; there is not 
always complete paralysis, as ther e should be to satisfy 
the conditions of the bell-wire theory. 

In fact there is no necessity of more than a very few 
fibers to establish communication between the brain 
and the spinal cord. In is more like a telegraph io com- 
munication than a movement along a wire, by which 
sensation la conveyed from the periphery to the brain, 
or the brain transmits Its orders to the periphery. 
Let me give an Instance of what I mean. If a piece 
of loe is laid upon my foot, I have at onco, the 
sensation of a contact, sensation of a temperature, 
the sensation of the extent of the surface of the Ice that 
touches me, the sensation of the weight of the ice, and, 
If It is left upon my foot, the sensation of pain, and the 
sensation of the skin to which the ice is applied. All 
those forms of knowledge are communicated at once. 
I believe that all these impressions are communicated 
to the spinal cord, which as a single wire transmits It to 
the bruin. 
PERTINACIOUS ADHESION TO EXPLODED THEORIES. 

Now, as to tho two sides of the brain, the oft view was 
that the left side of the brain governs the movements of 
tho right side of the body, and the right side governs 
the movements of the left side of the body ; and that 
there is a similar arrangement respecting perception and 
sensation. Facts oppose this view. I am sorry to 
say that physicians adhere too pertinaciously 
to old views like this, without regarding more 
recent discoveries. We are constantly holding on 
to our old clothing, wearing it when It is worn out. I 
am sorry to speak thus severely of a profession which Is 
my own, but tho discoveries of the last ten yoars seem 
scarcely to be recognized by the medical faculty. 
Younger members of the profession shouM seize oppor- 
tunities to make themselves familiar with the advances of 
' modern discovery. Take suoh facts as this for instance : 
One-third of one-half the brain may be utterly destroyed 
without any symptom of tho injury; thou one-third of 
the other half, and still no symptom. Still another third 
of either half may be destroyed without any Indication 
of ill-health. There are hundreds of the first-named 
oases ; I know of eleven or twelve of the latter. But 
Abercrombie and Spieer relate still more remarkable 
oases. A lady of refinement had had very slight symp- 
toms of any trouble with the brain. She had gono to a tea 
party and enjoyed herself there; had walked about and 
talked as If in her usual health. Nwbhiug in her sensa- 
tions iudlcated any serious trouble. She was found 
dead in her bed the next morning. The autopsy re- 
vealed that one half of her brain was entirely destroyed, 
and moreover that this destruction had been of long 
standing. The account of this Is to be found in Aber- 
crombie, page 177, 4th edition. , 

Let us now consider the question of the locality of the 
intelligence of the brain. Most physiologists are agreed 
that this is the gray matter of the upper parts of the 



brain. But the method of communication to still open 
to research. Here the lecturer went to the 'blackboard 
and drew a figure somewhat like a sheaf of wheat without 
a band around it; the stalks reprosau ting the nerves, th« 
heads of wheat representing the cells. Now you may 
subtract from this, by disease or otherwise, say tho 
upper third, and still you have the nerves and the nerve * 
cells and the processes can bo carried on ; but in the 
progress of such destruction downward there would 
eventually be reuchod a point where the functions of tho 
brain oould no longer exist. This view would explain 
the facts as we find them. Bat there is no case on 
record where the gray matter on both sides of the brain 
has been destroyed without the loss of intelligence, and 
we must regard that gray matter as the seat of the In- 
telligence. But vast pirrions maybe removed before 
the loss of Intelligence becomes apparent. This I have 
myself tested and proved by vivisection of tho lower 
animals. 

Now, in respect to the locality of the powor of speech- 
It has been said that the loss of bralu power to express 
ideas in speech was located iu a certain part of the 
brain. This affect ion is called aphonia or aphasia. 
There are three modjs of expressing Ideas — by speech, 
by gestures, and by writing. It Is with the first only 
that we are concerned. Some very bold theorists 
have tiled to locate all these powers In a partic- 
ular part of the brain. Lat us confine ourselves to facts. 
Dr. Broca of Paris has advanood the view that a certain 
small portion of some of the convolutions of tho brain 
held the power of speech. I admit that f acts'seeined to 
favor this view. But we find that there is no relation 
between the degree of aphasia and the extent of the dis- 
ease in that part, and there are oases where tho de • 
struction of tbose convolutions is very great 
and t£e injury to speech very lit- 
tle. Secondly, we find that disease may 
have overtaken the anterior, the posterior and tho mid- 
dle lobes of the brain, the particular convolution sup- 
posed to Involve speech not being affioted, and yet 
there is marked aphasia. Now is some one of these lobes 
tho locality of the power of speech f Suoh would be the 
reasoning of my opponents. We should be obliged to 
concede that in some persons the faculty of speech ex- 
isted In one part of the brain ; in some In another ; in 
others another, and so on ad infinitum. This is a reduo- 
tio ad absurdum. 

There is the case of the paralysis of the iusane, where 
the gray matter may be diseased on both sides of the 
bruin. In those oases the power of speech does not seem 
to be involved. There are cases of aphasia where the 
diseased person has had the power of speech restored 
during delirium. The speech is coherent, though the 
sense may not be. It is evident then that the 
faculty of speech is not actually lost In suoh cases; 
and yet we find that the third frontal convolution Is 
actually diseased lnftbese aphnslaos who talk In their 
delirium. But the most decisive argument io found In 
the cases that I have seen, where the third frontal 
convolution, the alleged organ of speech, has been 
destroyed, and yet the patients huve not lost the 
power of speech. Therefore the theory is Itself 
destroyed. There are flrty oases on record 
to show that the question of right-handedness or left- 
haudedness does not apply in these considerations. The ' 
lecturer here cited cas»s in the practice of Jaomet of 
Moutpelier and Mr. Prescott-Hewitt of London. In the 
latter oase the patient had suffered a destruction of 
that part of the brain for ao years, and yet for 30 yean 
had spoken. 
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THE LOCALIZATION OF CENTERS OF K0TION IN THE 

BRAIN. 

We shall now take up tiio question of the localization 
of motion in certain parts or the braio. I am surprised 
at the avidity with which a oertaiu series of facts have 
been accepted as proof or tills theory in England. A 
very eminent man, of whom I should not like to say 
anything so vere, my friend Prof. Carpenter, has ac- 
cepted those vie w«. I may say that all England has 
accepted them. Prof. Huxley Indeed has written me 
that he only accepted this view in part; hat I cannot 
see how he can accept a part without accepting 
the whole, where even the part is inoorreot. The famous 
experiments of Dr. Fertier of Guy's Hospital -must here 
be considered. As you will see, they are not, however, 
conclusive. By the application of galvanism to certain 
parts of the brain of auitnals, he produced certain move- 
ments. When we do not stop to think, this would seem 
to prove that there are in the brain certain centers of 
movement governing certain parts. But it is only a 
semblance. A part of the facts are taken for the whole. 
We should know all the series before we adopt the con- 
clusions. Lee us examine the other facts. 

It is perfectly well known that the cutting away of a 
large portion of the brain does not produoe the least 
alteration of voluntary movement anywhere. Suppose 
that part of the brain— say the anrerior lobe, being ex- 
cited by galvanism, produces a movement in the anterior 
limb. Now suppose that part of the bruin is cut away- 
then the- anterior limb should be paralyzed, for its 
voluntary movement is gone. Admitting that the 
other half of the brain should supply the place 
of the missing part; let us take that away 
also. Then certainly there should be a paralysis of the 
anterior limbs. But there is not. This should be suf- 
ficient to Invalidate the conclusions of Dr. Feirier. But 
there are abundant pathoJoglcul facts of this nature, 
proving the foot beyond question. And then there are 
the cases of recovery from paralysis. There is no such 
localization of power as Dr. Ferrier has assumed. If 
galvanism be applied to the severed leg of the frog, the 
leg will jump, though there la no brain power in the 
question. 

What should have been done was to have out the con- 
nection of parts, so that a general offaot should not have 
been propagated throughtout the brain by the applica- 
tion of galvanism to a part. This would be the experi- 
mentum cruris. My friend Dr. Dupre* of Paris has made 
this experiment. I made it also, before he did, but he 
published his before mine. But there are many other 
facta almost equally impressive in their char- 
acter which may be cited. We find many 
eases where the lesion of part of the bruiu 
produces paralysis on the same side of the body, and not 
on the opposite side as in the majority of cases is the 
rule. TheTe is a case where a ball passed directly 
through the brum and it produced paralysis on the 
right side instead of the opposite side. Here Dr. 
Brown-Sequard objected to having a certain class of 
brain affections mimed after him ; starfjg that diseases 
should be named from their distinctive features and not 
after physicians. 

Dr. Brown-Sequard then applied a similar course of 
reasoning to the localization of sensation in specific 
parts of the brain, using, among other happy 
Illustrations, this fact: An intestinal worm 
will occasion sometimes convulsive movements, 
sometimes paralysis, sometimes deficient sensa- 
tion ; are we therefore to conclude that in these oases 
the center of power was in the abdomen f He 



attacked the view of Gall, saying tint we do 
not know the locality of these affections, and 
have no reason to suppose that they originate 
in a limited area of the brain. We now know that only 
a few fibers are necessary to make the connection 
between the spinal column and tho brain. The brain, 
lfke the rest of the body, receives nerve fibers coming 
from other nervous centers, some along the blood- 
vessels, for there are a great nnmber of libers starting 
along the blood vessels and going into the cellular Tissue 
of the brain ; some fibers coming from the sympathetic 
nerve; others coming from various sources. We find, 
for Instance, that tho prick of an exceedingly fine needle 
at the crux eerebeili will produoe rotary movements, 
the am in ah whirling around with a rapidity impossible 
in a normal condition. The activity of the heart may be 
stopped by the prick of a needle point; convulsions may 
be similarly stopped by the action of carbonic acid on 
the mucous membrane of the throat. With these facts 
under consideration we may see the vast field of research 
that yet lies before us, the mere questions arising from 
the activity of nerve cells affording an almost boundless 
sublect for inquiry. But it is evident that we oannot 
locate the centers of either sensation or motion in sped 
flo parts of the nervous system. 



OBSERVING THE TRANSIT OF VENUS. 

BT PROF. SIMON NEWCOMB OF THE WASHINGTON 

OBSERVATORY. 

This was a description of the preparations 

in this country for the grear astronomical event of 
next December. The first steps in respect to the ob- 
servations on the Transit of Venus were taken 
In Washington four years ago. The plan adopted 
divided Itself into three parts ; the nature 
of tho observations; the stations to be chosen, and the 
organization of the paities of observers. The funda- 
mental idea o? the methods adopted whs then stated. 
The two classes of determinations were, on the one 
hand, observations of Interior and exterior contact, and 
on the other, measurements between the centers of tho 
bodies observed. There are also the visual method and 
the photographic method. 

Hitherto the visual method, however employed, has 
proved very uncertain. It is now about 200 years since 
Halley observed a transit of Venus at the Island of St. 
Helena. The absolute accuracy of his observations can- 
not now be accepted. The difficulty lb in knowing 
the exact moment of the Ingress or egress of the 
planet from the sun's disk. The approach of the two 
points of light when the planet outs the disk of the sun 
Is a matter not only of the most delicate observation, it 
is a point in which an intrinsic uncertainty 1b involved. 
Even at the last transit of Mercury, observers differed 
enormously in noting the time of disappearance of the 
dark line of sky which separated that planet from the 
sun. 

DIFFICULTIES IN OBSERVING A TRANSIT. 

The best way to ascertain the conditions of this 
phenomenon is by the observation of the transit of an 
artificial Venus over ao artificial sun. This was done, 
rather more than a year ago, at the high poiut visible 
from the Observatory. The artificial enn and planet 
were placed on Wilder's building, at a dlstauce of 3,300 
feet, in order that full effect might be given 
to atmospheric vapors and softenings of the 
outline. The apparent dimensions of ibe artificial 
sun and planet were those that will be presented by the 
real bodies at the time of tho transit. It Is found thai 
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the sun looks a little larger and the planet a it r tie 
smaller than their true magnitudes. When the light of 
the sun is close to the planet the space between is ap- 
parently filled by a ligament known as the black drop. 
Jt Is commonly supposed that the moment of disappear- 
ance of the black drop is the moment of contact: but the 
uncertainty thus occasioned is of eerious moment. It is 
not due merely to a bad atmosphere; it is a u absolute 
effect independent of this cause. In observing the arri- 
fleial Venus the same difficulty is more or lots eucouu- 
tered. Even in a fairer atmosphere than we hope for at 
the time or tbe transit we must expeot this phenomenon. 

In moving toward the edge of the sun, berore reaching 
it, there is again a similar source of error. A cloud 
seems to pass through the thread of light between the 
planet and the edge of the sun; the bright line grows 
darker and darker, and at last disappears— that being 
the moment of true contact. No ordinary observer oau 
fix this time with accuracy. Another method 
has been suggested— observation by pho- 
tography; but the difficulty here is that the photograph 
is dependent upon the comparative actinic power of the 
thread of light, and every photographer knows that the 
slightest base will make a difference in the impression 
on tbe sensitive plate. The light thrown on one plate 
may be five or even ten times greater tban on another 
without any corresponding difference in the facts. I 
think we shall not attempt the photographing of the 
interior contact. 

It was supposed that the movement of Venus into the 
sun's atmosphere could be observed by means of the 
spectroscope with great accuracy; but a committee in 
Garmany, including Zowlner and Awers, came to the 
conclusion that this was after all one of the most un- 
certain methods, and ip was Anally given up entirely. 
It has been found, however, that the moment when the 
planet first mxkos a notch on the sun is a well defined 
occasion, and the experiments of Strilbner of St. 
Petersburg agree with ours on the artificial Venns in this 
particular. Another method of determining this problem 
consist* in observing the distauoes of the oenters of the 
two bodies. The Germans thought of doing this by 
means of heliometers; but the use of the necessary num- 
ber of these instruments is impracticable, as they are 
cumbrous and expensive. I believe there is not a beli- 
ometer in this country. 

The Ameilcan method of photographing the transit 
has been already published : this is the method of Prof. 
Win lock, and experiments have shown that It is likely 
to oe eminently successful. The photograph is 
taken by means of a horizontal telescope into 
which the image is deflected. It was at 
first supposed that the measures could be taken 
direct upon the photograph; but this has elements of 
Inaccuracy, except by the method of photography de- 
vised by Prof. Win lock. The other methods of photo- 
graphy will not give a oloser approximation, according 
to M. Delarue, than one minute of arc ; but we have 
already much closer measurements of the solar parallax 
than.thls would provide. Our present uncertainty does 
not exceed thirty-four hundredths of a second. Such 
photographs would be of no value. The method of Prof. 
Winlock was then described. 

STATIONS AND ORGANIZATION. 

Let us now consider the matter of stations. Suppose 
for instance that we had four stations, two northern and 
two southern. If these were divided into two clauses of 
observations, A and £ at tbe north and A and B at the 
south, as A is not comparable with B, the failure of 
either A at the north and B at the south, or B at the 



north and A at the south, would. render all the four oh 
solvations valueless. Therefore, all the observations 
will be of the same character. The chief element in se- 
lecting stations has been their meteorology, the 
question at * issue being their liability to 
bad weather at the time of the transit. About 
two years ago circulars were sent to American Consols 
in almost every part of the world where the transit is 
visible, to ascertain the condition of the weather at 
those points in November and December, and every 
other source of similar Information was utilized. We 
had thought or selecting from a number of others Hurd's 
Islands in the Southern Indian Ocean as being one 
among the nest stations. Northern stations with proba- 
bilities of good weather are easily to be had. Especially 
favorable in this view is Peking in China and Vladivo- 
stok in 81beria. In Japan the weather is scarcely as 
favorable. Hakodadi was very objectionable in respect 
to weather; Yokohama was Just as bad; Nagasaki was 
rather better. 

The only satisfactory station in the southern hemis- 
phere In respect to weather was found to be Hobart Town, 
in Tasmania. New-Zaalaud is nearly as favorable. But 
from all the other proposed Southern stations the 
ncoounts were very bad ; notably at the proposed station 
at Hurd's Islands the almost uniform report was " clouds, 
rain, tempests, and snow;" the obanoes of observation 
there dia not exooed two-tenths; this station was there- 
fore given up. The most favorable station left at the 
South was Kerguelen Island, though somewhat neighbor- 
ing to Hum's Islands, and that was selected. A party 
will also be landed, if practicable, at Crozet's Island. In 
st )ad of sendlug four parties to each hemisphere, we 
shall send three to the north and five to the south, 10 
equalise the chances as to weather. We hope to get 
complete Results from two parties in each hemisphere. 

The following is a list of the chiefs of parties and their 
stations: Northern stations, Wladivostock, Siberia, 
Prof. A. Hall, U. S. N.; Nagasaki, Japan, Geo. Davidson, 
U. 8. Coast Survey ; Peking, China, Prof. James C Wat- 
son of Ann ArDor, Miob. Southern stations, Croset's 
Island, South Indian Ocean, Capt. Baymond, U. 8. A.; 
Kerguelen Islind, South Indian Ocean, Lieut.-Comroan- 
der George P. Ryan, U. S. N.; Hobart Town, Tuainania, 
Prof. Wm. Harkuess. U. 8. N.; New Zealand, Prof. C. H. 
Peters of Clinton, N. Y.; Chatham Island, South Pacifr, 
Edwin Smith, U. S. Coast Survey. The ooustitution of 
each party is such that in case of disability on the part 
of its chief, the second offloor can take bis plaee. Bach 
party will have three photographers— a chief photo- 
grapher, who must have been of long experience in the 
business; an assistant that has had practice, 
and a second assistant trained only for the occasion. 
Nearly all the second assistants' positions have beea 
filled by students or graduates of various schools and 
technological colleges throughout the country. The par- 
ties for tbe southern station will sail, we expect, about 
June 1. ' These are all ready ; the photographers are to 
be in full practice here next week. The northern parties 
will go later and not all together. The Navy Department 
has furnished a ship, the Swatara, to go to the southern 
stations. The longitudes of the stations will be deter- 
mined by oocultations wherever telegraph communica- 
tion is impracticable; but already tuere is such com- 
munication between Vladivostok and Hobart Town. 
Arrangements are made with the Governments for ex- 
changing longitude signals, and the prospect of the ex- 
tension of cables to NewZsaland and other points gives 
fair hope thai there will be only a few points where the 
method of occultationa will be the sole resort. 
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THE COLORADO CAffONS. 

BT MAJOR J. W. POWELL. 

This was an elaborate descriptive essay, an 
account of the prowess made In the survey of the Colo- 
rado and Its tributaries by parties under direction of the 
Smithsonian Institution. The following extracts show 
the character of tbe country : 

The whole region embraced in the survey Is a cafion 
country* At the very beginning we have a series of 
cation* through the Uintab Mountains, a» tbe channel of 
Green River. Flaming Gorge. King-fisher Cafion. Red 
Cafion, the Cafion of Lodore, Whirlpool Cafion, and Spilt 
Mountain Cafions. Then Tampa Cafion, the cafion along 
the lower course of the river of the same name, and manv 
other tributary callous. Then below, in descending the 
river, the Cafion of Desolation, Gray Cafion, Labyrinth 
Cafion, and Stillwater Cafion, with their laterals ; then 
Cataract Cafion, a profound chasm below the junction of 
the Grand and Green, then Narrow Cafion, which termi- 
nates at the mouth of the Dirty Devil River; many 
cafions lateral in all these have also been explored. 

Along all , the streams mentioned we have series of 
cafions, and yet all of these represent but a part of the 
cafions explored and mapped, for there are many pra- 
found chasms, rhe channels of intermittent streams, dry 
during the greater part of the season, that are hundreds 
of feet deep, and that never have a continuous stream 
for their entire length. But I cannot slop to enumerate 
all of these dry gorges. 

Then Glen C«ifion, a beautiful chasm carved by the 
river, in the bright-rod homogeneous sandstone of Tri- 
asslo age. From the mouth of the Pari a River to the 
mouth of the Colorado Chi qui to Is the beautiful gorge to 
which we have giveu the name of Marble Cafion. The 
walla are of limestone, and near the foot are of a crys- 
talline structure which receives a beautiful polish ; 
white, gray, slate-color, pink, brown, and saffron-col- 
ored marbles are here found, carved and fretted by the 
waves of the river, and polished by the floods of sand 
which are poured over the walls during the seasons of 
showers, giving to the walls of the cafions, which have 
assumed architectural forms on a giant scale, an appear- 
ance of great beauty and grandeur. 

Then we have the Grand Cafion, tbe most profound 
chasm known on f he globe. Were a hundred mountains, 
each as large as Mount Washington, plucked up by the 
roots to the level of the sea and tumbled into the gorge, 
ihcy would not fill it. 

Perhaps the most wonderful of the topographic fea- 
tures of this country are the lines of cuffs, escarpments 
of rock separating upper from lower regious by bold, 
often vertical and impassable barriers, hundred or thou- 
sands of feet high and scores or buudreds of miles in 
length. I will enumerate some of the more important. 
Fust, we have the Brown cliffs, an escarpment which 
forms the southern boundary of the plateau 
through which the Cafion of Desolation is carved; 
then the Azure chffs, the southern escarpment of 
the plateau through which Grav Cafion is cut; 
then the Orange cliffs, a broken escarpment, 
which commences at the foot of tbe Sierra La 
Sal, on the eastern side of Grand River, past the Grand, 
then across the Green River, and then down in a south- 
westerly direction parallel to the Colorado River about 
fifty miles, and then turns again to the south-east and 
crosses the Colorado, terminating In the slope of the 
Sierra La Sal, two or three scores of miles south of the 
initial point. Thus the head of the Colorado, the Junc- 
tion of the Grand and Green, Is encompassed by a tow* 



erlng wall—the Sierra La Sal— on the east ; on the north, 
west, and south the Orange Cliffy; on every Bide a 
facade of storm-carved rocks is presented. The In- 
dian name for this basin is Turn-pin tou-neir ftt- 
weap, the land of standing rocks. Buttes, towers, 
pinnacles, thousands and tens of thousands strange 
forms of rock, naked rock of many different colors are 
here seen ; so that before we had learned the Indian 
name we thought tof calling it the Stone Forest or 
Painted Stone Forest; and these rocks are not fragments 
or piles of Irregular masses, but standing forms, carved 
by the rain drops from tbe solid massive beds. Weird, 
strange and grand is tbe Tum-pin tou-neir lu-weap. 
Passiug by many others, let us speak of three more only. 
The Hurricane ledge is an escarpment due to a fault 
having a northerly and southerly direction, starting 
away to the North of TokervUle, in Utah Territory, and 
running South across the Colorado River. It probably 
continues in this direction as a fault or a fold for 400 
miles. 

The Vermillion cliffy have an easterly and westerly 
trend ; this line then crosses, in an Irregular way, the 
head waters of the Rio Vlroio, still on the east oroaslng 
tbe head waters of the Kanab and the folds an mud the 
northern extremity of the Kaibab plateau, rbcu crosses 
the Colorado and turns in a southerly direction across 
the Little Colorado by a monooliu.il fold. Tui9 escarp- 
ment presents a wall of triassic red sand-stone, aud is 
due to erosion ; the beds below have beou stripped away 
by the rains and rivers. 

White cliffs are approximately parallel so these ; the 
line is a broken angular escarpment in Jurassic limestone 
and homogeneous gray sandstone, cupped by beds Of 
limestone. 

To the knowledge of the geography of this country 
we have given a great number of plateaus. Tnose 
along the course of the Green and Upper Col- 
orado- I may not stop to mention. Geographers 
and geologists have heretofore spoken of a great 
Colorado plateau, referring to the district of 
country through which Marble and Grand caftans are 
cut, for so it aupearcd to the observer standing on the 
south- west margin of this great district of country ; but 
it has proved, in fact, to v be a complex syptein of 
plateaus, bounded by walls of faults, escarpments or 
cliffs or erosion, aud oafion gorges. Chief among these 
are the Mark-a-gunt, Paans-a-gunt, Aquarius, and Kah 
por-o-wits plateaus, lyiug to the north in the surveyed 
district, and in which head the Dirty Devil, the 
Escolante, the Paria, the Kanab, and the Rio Virgin 
Rivers. The upper beds of which these plateaus are 
composed are of tertiary aire, but they carry on 
their bucks extensive outflows of lava aud numbers of 
dead volcanoes. The numerous plateaus, mesas, and 
terraces to the south of these are composed of beds of 
cretaceous and Jurassic age, but I pass them by without 
further mention. The Paria plateau, on the south side 
of the river of the same name, is a great table 
of trios. On the north side of the grand cafion 
we have the Kaibab, the Kanab. the Vin-karet and 
Shevwltz plateaus. These are extensive tablet 
of carboniferous age with many eruptive masses 
and volcanic cones. For the great plateau to the south 
of the Colorado River, bounded on tbe north by the 
grand oafion, on the south-west by an escarpment, 
which is the continuation of the Hurricane ledge, but 
which in this locality has received the name of Aubrey 
cliffs, and op the north-east by a great esoarpuent 
which faces the Little Colorado, and whose eastern 
boundary is not determined, I propose to retain the 
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name originally given to the whole series of plateaus— 
Colorado plateau. 

These plateaus can be thrown Into classes on geologi- 
cal grounds, as follows : The tertiary plateaus to tbe 
north, cretaceous plateaus Immediately south, trlas*lo 
plateaus next in order, and carboniferous on the south. 
The geological classification serves well, also, for geo- 
graphic purposes, as each group has peculiar topographic 
features, depending on the texture and structure of the 
roclcs of which they are composed. 



A VARIETY OP SUBJECTS-Third Day. 

AN INSTANCE WHERE SOLAR TIDES EXCEED THOSE 
CAUSED BY THE MOON— A NOVELTY IN INOBGANIC 
CHEMISTRY— THE THEORY OP CYCLONES— NEARLY 
ALL THE ATMOSPHERE OF THE EARTH TWO HUGE 
CYCLONIC WHIRLS. 

Washington, April 23.— BisagTeeable weather 
tended to reduce the audience of April 28 at the 
Smithsonian Institution. The subjects discussed 
did not equal in general interest those of tbe previous 
day, but they had at least the merit of bringing 
forward some novelties in scientific discovery. The 
statements of Prof. Ferrel respecting the tides of 
Tahiti were cm ions rather than important. The 
discoveries of Prof. Gibbsof Harvard, who is equally 
noted as an original investigator, and as an editor of 
The American Journal of Science and Arts, of com- 
pounds in inorganic chemistry having the character- 
istic of metamerism that has hitherto been unknown 
except among organio substances, seems to open a 
new field of research. Prof. Gibbs mentioned that 
lie had given no name to his new compounds ; for 
which we may be truly thankful, since names that 
chemists are apt to indulge in when making discov- 
eries in organic chemistry, are rarely limited by six 
or seven syllables and sometimes reach a dozen. 

The communication from Prof. Alexander, the dis- 
tinguished astronomer of Princeton, suggests a very 
interesting though difficult inquiry. Prof. Hayden 
gave a glowing and rapid sketch of tbe explorations 
in which he has been engaged, and of tbe work 
accomplished and under way. He was warmly 
greeted by several of the professors, who evidently 
held his work in high esteem. Prof. Silliman 
told of the localities of the American ores of 
tellurium— that curious substance which once on 
a time a bold experimenter swallowed, the result 
being that his friends dropped off gradually. He 
noticed after a few days that everybody seemed to 
avoid him. Finally he cornered one of them and 
begged au explanation. " Why, the fact is," said 
bis friend, with his nose in his handkerchief as he 
■poke, " you must be aware that you have a horrible 
amelL" The experimenter was obliged to retire into 
obscurity for some werks, till the tellurium was out 
of his system. Prof. Ferrers theory of the law of 
cyclones was exceedingly interesting to the meteor- 
ologists present. 



THE TIDES OF TAHITL 

DY PROF. WM. FERREL OF THE U. S. COAST SURVEY* 

In 1856 the U. S. Coast Survey took advan- 
tage of tbe surveying expedition under charge of Capt. 
(now Commodore) John Rodgers to obtain a series of 
tidal observations nt the Island of Tahiti In tbe Pacific. 
A self-registering tide gaiure was sent by the Coast 
Survey, and left by the expedition in the hands of a 
French soldier at tue town of Papeetee on that Island. 
By this means a series of observations nearly complete 
was obtained from June 1 to Oct. 1. These were re- 
duced by the Coast Survey and published in the report 
of 1864. The great peculiarity of - these tides 
is that the solar tide is for the most part 
greater than the lunar tide, although the force pro- 
ducing the latter is more than double that prodaolng 
tbe former. There is only ono other case of the sort in 
the world— at Courtown, Ireland. It is not, however, 
due to any exception In the general theory of the tides. 
Certain constants In the tidal expressions, which have 
to be determined by observations, are unusually large 
in this case. It is yet impossible to specify, however, 
what are the irregularities of ocean bottom and of ooast 
outline which occasion the phenomena In tbl» particular 
iustanoe. 

A representation was here given by diagrams of the 
solitldal intervals ; i. «., a mean of the curves for morning 
and evening tides, as furnished in the Coast Survey Re- 
port. The small diurnal tide was eliminated from the 
representation, which only gave the semi-diurnal tides. 
The solitldal Intervals were given Instead of tbe luni- 
tidal. because the former were the larger. In June, 
however, at the time of the quadratures, when the solar 
and lunar forces are In opposition, the sun has 
its greatest declination, and the moon is near 
the equator, and hence the solar tide is smaller 
aud the lunar greater than usual. Hence 
also, in June and July, the times of high 
water at the quadratures follow the moon, and the 
range of the solitldal Interval is from to 13 hours. But 
toward September, at the quadratures, the moon is 
near Its maximum declination and the sun near the 
equator, and hence the solar tide is larger than usual 
and the lunar smaller ; and the times of high water fol- 
low the sun rather than the moon, and occur within a 
range of three or four hours near noon and midnight. 

From theoretical considerations applied ro the observa- 
tions, it was, however, shown that the observed times of 
high water in the small tides, affjeted by abnormal dis- 
turbances of tbe winds and changes of barometric pres- 
sure, necessarily differ considerably from the theoretical 
calculation, which merely depends on the forces exer- 
cised by the sun and moon. 



METAMERISM IN INORGANIC CHEMISTRY. 

BY PROF. WOLCOTT GIBBS OF HARVARD UNIVERSITY. 

Although this paper was of a technical char- 
acter, and its greatest value is of course to those who 
are interested directly iu chemical researches, it pre- 
sents a discovery so novel in Its character that it can 
scarcely be without Interest even to the non-professional 
student. Hitherto what has been denominated metame- 
rism has never been observed except in orcanlo 
substances. Bodies are said to be motameric when they 
are of the same composition and atomic weight, but dif- 
fering entirely in their properties, in consequence of dlf 
rerent molecular constitution. Prof. Gibbs has discov- 
ered six such bodies bearing such a relation to one an- 
other and to a seventh which was not of his discovery. 
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That is, if you were to take these seven substances and 
separate eaoh into its ultimate constituents, you would 
find each giving not only the same materials to ultimate 
analysis, but wel&bt for weight the same amouuts of 
these materials; and yet each of the seven substances is 
iutrlnsicaily different from the othef in its character, 
appearance, aud ohemiral reactions; and no one of them 
cau be trauaformed lnco the other. In the whole realm 
of inorganic chemistry there has been no similar 
instance recorded, although among organic bodies there 
an' not a few suoh cages. 

The substance with wbioh the series begins was dis- 
covered by Dr. Enlmann. It is an exceedingly stable 
compound. Its constituents are two parts of cobalt, six 
of ammonia, and six of nitric oxide. Its chemical for- 
mula is: 

Co 2 (NH 3) 6 (NO 2) a 

The six other bodies metamertc with it, were obtained 
by Prof. Gibbsby making the compounds and oombtning 
them when made, in the manner lndloated in the nota- 
tion which follows. It will be observed by the chemist 
that tho combination of the compounds is that of an 
acid with a base, in each Instance making a true salt, 
obtained in crystalline form. For tbe sake of abridge- 
ment in notation, in what follows, the ammonia (N H 8) 
is represented by A and the nitrio acid by X. Oo ac- 
count of the difference in their atomlo constitution. Dr. 
eibbs divides the seven substances into three series. 

Pint ■erie»— Bidmann'g dlscorerr: 

Co 2 A 6X6 

Second Miiea— Dr. Uibba'g discorerr: 

II II 

(Co 2 A 4 X 8) (Co 2 A 8 X 4) =»2.Co2A6X6 

II IV 

(Co2A4X8)2 (Co 2 A 10X2) =« &Co2A6X6 

II IV 

(Co 2 A 4 X S)J (Co 2 A 12) =«4.Co2A0X6 

Third ■eriea— br. Gibbs's discuverr: 

VI VI " 

(Co 2 X 12) (Co 2 A 12) «= 2. Co 2 A 6 X 6 

VI 
(Co 2 X 12) (Co 2 A 8 X 4)3 ■» 4. Co 2 A 6 X 6 

(Co 2 X 12)2 (Co 2 A 10 X 2)8 » 5. Co 2 A 6 X 6 
As each of the salts thus obtained Is beautifully crys- 
talline and perfectly well denned, and eaoh salt of the 
second and third groups gives the reactions of each con- 
stituent with perfect distinctness, no doubt can exist as 
to their real chemical structure. 



COMPARATIVE VELOCITY OF LIGHT IN AIR 

AND IN VACUO. 

BT PROF. STEPHEN ALEXANDER OF PRINCETON COL- 
LEGE. 

This brief paper merely contained a few 

interesting suggestions on a small correction of the 
velocity of light as deduced from experiment. 

In accordance with the undulatory theory the velocity 
of light must be less in atmospheric air than in vacuo. 
In the inverse ratio of the index of refraction of 
atmospheric air to 1; that is. as 1 to 1.000294. The 
velocity then as ascertained by experiment under tbe 
air should be increased by lust about 0.000294 of itself to 
be equal to that in vacuo; i.e., to the extent, almost 
exactly, of 66 miles per second ; a vory small quantity 
Indeed in comparison with the whole velocity of 185,000 
miles per second ; and yet small as it is— and so small as 
to be below the limits of error of tbe experiments in 
question— It is yet very closely equal to three times the 
velocity of the earth in Its orbit. 

It is an outstanding excess, and no more, with which 
we often have to do, as, for example, in the measure- 
ment of temperature ; but tbe soale on wbioh those dif- 
ferences sometimes present themselves makes tbem, 
■mall as they may be in their original comparison, graud I 



in comparison with or ill nary standards. Prof. Alexan- 
der was not aware that anything has yet been put for- 
ward elsewhere on this subjeot. 

Prof. Hilgard remarked that the postulate of this 
paper that the undulatory theory required that 
light must move more slowly in air than in vacuo, 
was not by any means settled. There had been an 
approximate experiment— on aberration, by Prof. 
Airy, who filled a telescope with water aud sent 
light through it— but d-, deviation was observed 
after the most careful observations. We are not 
sufficiently acquainted with the character and 
properties of the luminiforous ether to speak with 
certainty on these subjects, bnt the investigation is 
well worthy of tbe highest effort. Prof. Henry 
spoke a few words of merited praise about the com- 
munication. 

RECENT WORK OF PROF. HAYDEN. 

SUPPLEMENTARY TO TRIBUNE ACCOUNTS OF EXPLOR- 
ING EXPEDITIONS AT THE WEST. 

Prof. F. V. Hayden appeared before the Academy 
to give a general account of the scientific explorations 
and surrey at the West in which he has been en- 
gaged. As full accounts of these explorations have 
appeared in Tns Tribune it will be unnecessary to 
reproduce the details with' which our readers are 
already familiar. The following particulars are 
concerning more recent work and bring the story of 
these explorations from the accounts in The Trib- 
une Extra of Dec. 30th to the date of the meeting. 

The party returned from the field-work in Colorado 
in October and at once commenced the preparation 
of the annual report and the construction of tbe maps. 
The seventh annual report, containing the preliminary 
results of tbe survey for 1873, will be ready for presenta- 
tion to Congress in May, and will form an octavo 
volume of about 800 pages, with over 800 11 lustra lions, 
flections, profiles, maps, Ac. The geological and rnin- 
eralogioal, as well as topographical, structure of the 
remarkable mountain region of Colorado has been 
worked out with oare; sections of all the 
mines have been made with the utmost at- 
tainable accuracy, showing tbe connection of 
the mineral lode with tbe country rook, so tbat 
tho light which will be thrown upon the origin and his- 
tory of tbese formations will be of great value to 
science. Two classes of maps on a scale of four miles to 
one inch, have been prepared. The first class are In con- 
tour lines of 300 foot, upon which to represent the vari- 
ous geological formations in the areas explored, with 
suitable colors. On the second class the peculiar moun- 
tain forms will be delineated, in excellent relief, by a 
peculiar kiud of brush-work. These are the topograph- 
ical maps. When the survey of Colorado is completed 
the great features of the physical history or 
that Territory will be summed up In one volume, with 
an atlas of maps and sections. Prof. Hayden regarded 
this work as a contribution from tbe General Govern- 
ment to Its ward, the Territory, toward the development 
of its resources. It will also form the basis upon which 
more detailed surveys can be carried on by the commu- 
nity itself. Dr. Hayden closed with an appeal to the mem- 
bers of the National Academy to spare no effort to enlist 
the continued sympathy of Congress in the great work 
of making known to the world the unexplored portions 
of oar publio domain, 
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Prof . Henry said that we are inviting thousands 
of foreigners to come here, and we ought to be able 
to tell them what we have to offer them. For this 
purpose a survey of the whole United States onght 
to be made. We have three organizations for this 
purpose— the Coast Survey, the Engineers' Survey, 
and thib Civilians' Survey. It is very desirable that 
there should be no wrangling between these organi- 
zations ; that their work bo brought into coordina- 
tion and unity. Ho recommended that the Academy 
take this matter into consideration, and perhaps 
suggest the formati)n of a commission. 

Prof. J. Lawrence Smith of Louisville, Kentucky, 
followed up this observation with one on the lack of 
unity in the State surveys. His own State suffered 
much from the need of correct surveys from fixed 
points determined by the Coast Survey. It is ex- 
ceedingly desirable that the method and System of 
all surveys be placed under one head and conducted 
with uniformity. 

Col. Forshey of Louisiana enforced the foregoing 
views by his experience in that State and remarked 
also on the value and interest of Prof. Hayden's 
work. In the matter of hydrograpbie surveys there 
was almost an equal deticieuoy of unity of plan and 
useful results. 

Gen. Barnard of Washington referred to the ex- 
treme difficulty that was found in conducting the 
operations of the war without maps of a topograph- 
ical character. He considered that much of the 
delay which characterized our undertakings in the 
war was principally due to our ignorance of the 
country where they were carried on—an ignorance 
of topographical details paralleled in no European 
oountty. 

He also alluded to the difficulties which ordinary 
civil engineering operations find in our deficiont 
surveys. The opening of a water supply, for in- 
stance, where a canal or railroad was being con* 
structed, could not be predicated with any certainty 
when the geological and topographical features of a 
section of country were almost unknown. 

Col. Forshey was glad to hear the proposition 
(suggested by Prof. Henry) that a Commission be 
appointed to unify the surveys throughout the 
United States. 

Prof. Henry mentioned, in the absence of Dr. 
Bessel, that the entire scientific operations of the 
Polaris were under his management, and that his 
report of the work effected during the voyage of 
that vessel would be presented to the Academy, in 
accordance with the provisions of the acts of Con- 
gress concerning that expedition. 



MINERALOGICAL NOTES. 

BT PBOF. B. SILLIMAN OF NEW-HAVEN. 

The subject which he proposed to treat was 

the telluric ores of Colorado. The rooks are principally 
gneissic, aod granite with excess of feldspar or quartz. 
At the place where the mineral i* found there Is a re- 
markable dyke of 50 feet in thickness. It is on the side 
of this dyke that the mineral containing the little-known 
substance tellurium is found. Prof. SUllman showed 
the evidence that the tellurium was introduced by the 



Plutonic invasion of this dyke. Ho had found In many 
Instances that telluric ores were associated with 
gold, and the association was very unfortunate 
for the gold miner, as In one instance 
$3,000 worth of gold thns associated was thrown away 
(through Ignorance), while the yield of the rest of toe 
ore wan only 140 or $60 to the ton. Prof. 81111 man asked 
Prof. Endlioh to perform an experiment, sue wing the 
presence of tellurium by using concentrated sulphuric 
acid. A bright purple color was rapidly obtained when 
the ore was thus treated with heat, in a test tube. In 
one specimen of these telluric ores there was $55,000 
extracted from a ton. Specimens of telluric ores were 
exhibited, and Prof. Silliman mentioned that these and 
many other very valuable specimens, now tbe property 
of the Smithsonian Institution, were procured in Prof. 
Hayden's surveys. 

ON THE LAWS OF CYCLONES. 

BY PBOF. WILLIAM FEEBEL OF THE COAST SURVEY. 

There were at one time two rival theories 
with regard to the motions of the atmosphere in cyclones. 
According to Eipy's theory, called the radial theory, 
tbe atmosphere flowed in from all sides toward the 
center in the direction of the radius, and iisoeuded in 
the middle of tbe oy clone and flowed out above. Ac- 
cording to|Redfleld, Reid, and others, the motion of the 
atmosphere above and below was that of a circular 
gyration around the center of the cyclone, and there 
was no motion either to or from tbe center. 

In the year 1859 in a paper published in Bunkte's 
MathcmaUiical Monthly, Prof. Ferrel first demon- 
strated the effect of the earth's rotation upon 
any tody moving upon its surface, which was to 
euuse a deflecting force at right angles to the di- 
rection of motion, to the right hand in tbe northern 
hemisphere, but to the left in the southern. It was also 
shown that* the effect of this deflecting force upon air 
tending from all sides toward a center, was to cause It 
also to gyrate around this center, and that 
consequently Eapy's theory could not be true. 
If the atmosphere has a circular gv ration, 
the deflecting force arising from the earth's rotation is 
in the direction of the radius from the center, and 
causes a depression and low barometer In the center ; 
but ttiere is no force to overcome the resistance to the 
gyration, and hence the atmosphere is soon brought to a 
state of rest. Tnore must, therefore, in all cases be 
some motion below, toward the center of the 
cyclone, so that the deflecting force— Jependlng 
upon the earth's rotation— arising from this com- 
ponent of tbe motion, may overcome the resistance 
to gyrations; else the gyration soon ceases. 
The resultant of the gyratory motion and 
the motion toward the center gives a motion, tbe 
direction of which makes an angle with tbe iso- 
bar, or line of equal barometric proas ore. (Here Prof. 
Ferrel drew a circle on the blackboard, showing the line 
of tbe isobar in a perfect cyclone.) The greater the re- 
sistances, the greater thi6 angle muse be, and hence, 
since resistance U as the square to the velocity, all other 
things being the same, the more rapid the motions of the 
atmospnere 1n the cyclone, the greater must be this an- 
gle. (The angle was shown on the blackboard as formed 
by a tangent to the circular Isobar.) 

On the open sea, where the amount of resistance is 
small, especially when the velocities are not very great, 
this angle must be small, and the gyrations nearly cir- 
cular, as Bedfleld's theory requires. In violent tornadoes 
on land, where the resistances are very great, this angle 
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Is large, and the directions of toe motions at the surface 
do not differ much from those of the radii, and hen oe 
there is an approximation to Espy's theory. As E -spy- 
took his observations mostly from tornadoes on land, 
and Bedfleld took his mostly from large cyclones 
at tea, each one had observations which, with a little 
bias in its favor, seemed to vertfy his theory. Until re- 
cently, no considerable number of observations have 
been discussed to determine from observation tbe truth 
of the preceding laws adduced from theory. Tbe Rev. 
Clement Ley recently* from a great number of observa- 
tions made by the signal service of England, France, 
and Holland at Iff stations, has determined that the 
average for the angle between the direction 
of motion and the isobar for all the stations 
is nearly 21 degrees, and hence has verified the 
theoretical law above. By taking the average, 
also, for five stations on the coast, where the resist- 
ances, since part of the gyration is on the sea, are leas» 
he found the value or this angle only 13°, while for 
five other stations entirely Inland, where the resistances 
are greater, the average gave 29° for tbe value of this 
angle. This verifies another part of the theory above, 
namely, that the greater the resistances tbe more must 
tbe directions of motion deviate from that of tbe isobar, 
and consequently the more must tbe gyrations deviate 
from the circular gyrations of Bedfield's theory. 

When Mr. Ley oonsittered tbe observations separately 
from the different quarters from which tbe wind blew, 
he obtained for the angle of deviation from the isobar* 
61 degrees on tbe N. £. side of the' cyclone, 18 degrees on 
the west side, 9 degrees on the 8. W. side, and 20 degrees 
on the S. E. side. He also states that the average direc- 
tions in which tbe cyclones move is toward the N. h,. 
Hence the angle between the direction of motion and 
the isobar for the front part of the cyclone seems to be 
much greater than that for the rear. Fjr this no very 
plausible reason is apparent, but several probable ex- 
planations might be given. 

It is commonly supposed that the gyrations of a cy- 
clone in all parts are the same way, that is, from right 
to left in the northern hemisphere, and the contrary in 
the southern hemisphere ; but this is not tbe case. Iu 
every cyclone in the northern hemisphere the gyrations 
are from right to left in the interior part, while they are 
from left to right lu the external part, but the gyrations 
in tbe interior are much the more rnpid, the motions of 
the exterior gyrations amounting usually to only gentle 
winds. The highest barometric pressure is on the 
dividing line between the two systems of gyrations. 

As the motion toward tbo o?cter in the lower part of 
the cyclone causes the direction of the wind to 
deviate from the isolar on the side toward the 
center, so the outward motion in the upper part of the 
cyclone must cause the direction of the wind to deviate 
on the side from the center, and there must be a certain 
median plane where there is no motion either toward 
or from the center, and where the direction of 
the wind must coincide with that of the isobar, that is, 
where the gyrations are entirely circular. If, therefore, 
an observer stands with his face exactly toward tbe 
wind below, the clouds in the upper strata, moving 
with the directions of the wind there, must always come 
from a direction a little to tbe right oj the observer, and 
the higher the clouds in general, the greater must be the 
difference In the directions. 

Beside the ordinary cyclone of which we have treated, 
there is also what is called an antl-oyclone. In this 
kind of cyclone the denser and heavier part of the at- 
mosphere is in the center, and hence the air descends 



there and flows oat on all sides below, and In from all 
sides above, and hence the motions in a vertical plane 
are Just the reverse of those of an ordinary cyelone. 
For this reason it Is generally supposed tbat the hori- 
zontal gyrations are also reversed iu an anti-cyclone; 
but this is a mistake. Tje gyrations in both cyclones 
are precisely the same, and such as have been given for 
the ordinary oyclone. Anttay clones are always station- 
ary; having their centers in the interior of a continent 
or larger island where the atmosphere in Winter is 
colder and consequently heavier than over the sur- 
rounding sea; and hence it descends in the middle and 
flows out at all sides below, and the deflooting force 
already explained give* rise to a stationary cyclone. 

Each hemisphere or tbe earth contains one grand anti- 
cyclone, with the cold Pole in tbe center and the one- 
half of the torrid sone for its external warmer part, 
and in these antl-oyclones we have a verification' of what 
is stated above, since in the northern hemisphere the 
gyrations nearest the Pole are from right to loft, giving 
rise to the eastward ourrent in the midrile and higher 
latitudes, while toward the external border at the 
equator tbe gyrations are tbe contrary way, giving rl*e 
to tbe general westward motion of the air in the torrid 
zone. In this case, also, as in ordinary cyclones, the 
barometer stands the highest at the dividing parallel of 
latitude of about 85 degrees, which separates the two 
systems of gyrations or winds. 

At the business session. Prof. F. A. P. Barnard, 
President of Columbia College, New- York, was 
elected Foreign Secretary, vice Prof. Agassiz, de- 
ceased. The constitution and rules limit the num- 
ber of members to be elected annually to five. The 
following individuals were honored by election 
April 23: Prof. C. F. Chandler of New- York, chem- 
ist ; Geo. Davidson of San Francisco, mathematician 
and astronomer; Prof. O. C. Marsh of New-Haven, 
Conn., geologist; George W. Hill of Nyack, N. Y., 
nutiiematician ; Prof. Henry Morton of the Stevens 
Institute, lioboken, N. J., physicist. 



LAST DAY OF THE MEETING-Haste for 
the Sake op Adjournment. 

SCIENTIFIC VALUE OP THE POLARIS VOYAGE— AN IN- 
TERESTING DEBATE ON THE FORMATION OF THE 
NORTHERN PART OF THE CONTINENT— THE GREAT 
TELESCOPE A GREAT SUCCESS— OTHER SATELLITES 
LIKE OUR MOON— LAWS OF STORMS— SILURIAN 
FOSSILS. 

Washington, April 34.— It was evident when the 
session of tbe day began, tbat tbe Secretary, Prof. 
J. E. Hilgard, was pushing matters with unusual 
rapidity. There were many papers of interest and 
value that had been under consideration, which 
were either declined, read by title (tbat is, not read 
at all, except the title) or hurried through with little 
ceremony. Two or three times a rising debate on 
the subjects presented was hxought to a olose by an 
appeal from the Secretary urging baste. And, to the 
surprise of most of the members and all of the audi* 
dieoce, the Academy did actually finish its pro- 
ceedings and finally adjourn at the usual hour of 
closing the session for the day. 

If those who imagine tbat the work of Polar expe- 
ditions is a mere useless expenditure of enthusiasm 
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could have been present at this meeting, and seen 
the deep interest taken by all the members of the 
Academy in the scientific results of the expedition 
of the Polaris, they might have found cause for 
changing their opinion. Id this memoir and the de- 
bate which followed nothing was more evident than 
that in order to obtain a satisfactory answer to the 
many unsolved questions of the history of the earth 
an immense number of facts is yet to be amassed, 
which can only *be procured by new expeditions to 
the hiizher latitudes. In the interest of science 
alone, Polar expeditions are of the highest order of 
value. 

Everybody that takes the least interest in astro- 
nomical science is anxious to know whether the 
great telescope iu Washington, with the largest 
achromatic lens ever constructed, is really a good 
instrument, and whether it has met the sanguine 
hopes entertained during its construction. To such 
inquirers. Prof. Newcomb has {given a most interest- 
ing and a categorical reply that is perfectly satis- 
factory. The astronomical paper furnished by Prof. 
Alexander seemed to tear away the last hope 
of habitability iu any part of the solar system ex- 
cept the earth. Prof. Proctor has shown that none 
of the primary planets were fie to be the abodes of 
life; and Prof. Alexander now disposes similarly 
of the satellites. Those interested in meteorology 
found much of interest in the calculations of Prof. 
Loom is concerning the law of storms; and Prof. 
Newberry gave information of scientific value re- 
specting fossil plauts of the Silurian age. 



RESULTS OF THE POLARIS EXPEDITION. 

BY DR. E. BES8RLS. 

This manuscript was entitled the History of 

Smith's Sound trom a Geographical and Geological Point 
of View, and somo other General Results of the Polaris 
Expedition. 

Tc is probable that Smith's Sound mast be regarded as 
the best of the three gateways to the pole. A channel of 
almost 80ft nautical miles long, and In some place* scarce I v 
25 miles wide, separates Greenland from Grinnell Land 
ana the nrcbipela«ro south of it. Connecting it with 
Baffin's Bay and Davis's Straits, we can regard this 
channel a* ono having for its geographical homolojrae 
only the Bed Sea. It was discovered in July. 1616, when 
Bylot and Baffin, in smacks of 36 and 60 tons, sailed 
through Davis's Straits to 77° N. t when Baffin discovered 
Smith's 8ound and described it as a deep bay. For more 
than 200 years the east and west capes or the Sound were 
the northern Pillars of Hercules. 

John Ross in 1818, nearing the Sound, described it as 
bounded by a range of elevations, which he named 
Dulolna Mountains. Inglettold, in 1862, searching for the 
survivors of the Franklin Expedition, sailed over the lo- 
cality of these Imaginary mountains, and reached 
78° 28' N., which has been passed only twice siuoe. The 
most northerly points determined by him ure Pelham 
Point of the cast and Cape 8a blue of the west coast. 
Kane followed on the heels of Inglefleld the next year, 
and reached with his ship latitude 78° 37'. One of his 
sledge parties traveled to Cape Constitution, 
80° W N., sighting land beyond on the west 
coast in 82°. He supposed erroneously that Cape 
Constitution. was the northernmost point of Greenland. 



Thirteen years ago Hayes reached the boundary of navi- 
gable water in the 8nund at latitude 78° 18*, and could 
penetrate no further. The Polaris, under Capt. Hall, was 
more fortunate, and reached 82° 16*. the highest latitude 
a ship has ever reached. 

The land found between 81° and 82° seems to me to be 
of great Importance in demonstrating that Greenland 
has been separated from the continent In a south-north 
direction. That entire tract of land, and probably the 
whole coast north of Humboldt Glacier, shows Siberian 
limestone, having at times almost perpendicular oil A 
of an average hlght of 1,500 feet, with occasionally lower 
elevations covered with irregularly distributed hills,and 
mountains not systematically disposed in ranges. Garnets 
collected in this locality were found identical with some 
at Fiskernesset, in lat. 62° N., and a very characteristic 
white quartzite was Identical with that of Cape Alex- 
ander. Besides these there were col leered hornblende 
rock, gneissic granite, sandstone, and other specimens 
of rocks found in position considerably south of Polaris 
Bay—even labradorite like that of the coast of Labra- 
dor. The Identity of these specimens with rocks near 
Ita was recognized by several Esquimaux from that 
place, to whom Dr. Bessels showed them. From these 
observations he concludes that the direction of the geo- 
logical drift is from south to north. 

On the North American continent in general the main 
drift of erratic material has been south war 1 from north- 
erly latitudes, a fact paralleled in the North German 
plain in erratic blocks and debris of Scandinavian ori- 
giu ; in Sweden and Lapland by drift from Spitsbergen 2 
in Iceland by debris from both Spitzbergen and North* 
Eastern Greenland. Smith's Sound seems therefore an 
exception to the general rule, and we must conclude 
that its drift was transported by floating ioe-flelds and 
icebergs, and hot by glaciers. Among many specimens 
which Dr. Bessels examined between the degrees of lat- 
itude named, he only found one piece showing glacial 
scratches. This was Silurian limestone, identical with 
and not to be mistaken as other than that of the immedi- 
ate vicinity. He sought in vain for erratic blocks of this 
limestone further south than the original deposit. None 
of it was to be found between 70° and 78°. 

Palmontological researches, as well as the fauna and 
flora of the region, point to the determination that the 
continent and Greenland were formerly connected. 
Greenland Is now known to be an island. It is a rule in 
the formation of islands by separation from main land 
that the sea between will be shallow, especially if its 
width be inconsiderable. The souu dings or Davis's 
Straits and Bsfflu's Bay are deeper than would be ex- 
pected, Dr. Schott having some time ago computed the 
average depth, by. Airy '8 method, at 250 fathoms. By 
the kiuduess of Barou von Otter, Dr. Bensels was sap- 
plied with soundings for 6° of latitude, showing a 
createst depth at 67° 25' N. of 930 fathoms, and an aver- 
age in 28 sound! Dflrs between 67° 25* and 74° 04' of 290 
fathoms, corroborating Dr. Schott's computation. With 
these we may take into account the sounding of Ross at 
76° N. and 71° W.. giving 250 fathoms, and a sounding 
probably by the Advance, at 66° N. and 69° W., giving a 
depth of 288 fathoms. 

Along the east coast of Davis's Strait, and its northern 
continuation, a narrow, warm current flows, moving 
from south to north at a mean velocity of 0.2 miles per 
hour, turning to the weBt off Jones's Sound, and there de- 
flected to the southward by the oold Arotio current. The 
velocity pf the latter differs according to locality and 
season, but never exceeds 12 miles per day. At Smith's 
Sound and Kennedy's and Bobeson's Channels, the ex- 
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pedltion observed a northerly current with a Telocity o f 
8—13 miles per 24 hours. The oarrent spoken of by Id- 
gel lie Id as setting north 73 miles per day, near Cape San- 
mares, must have been a local eddy near the coast — an 
eddy into which the Polaris was onoe drawn and carried 
rapidly to toe northward. At all other localities the 
current flows to the sou to. That this current cannot 
carry any drift material from south to north is evident. 

Still, we find between 81° and 83° minerals and rooks 
that doubtless had their origin in South Greenland, indi- 
cating that the current must at some time have had the 
opposite direction. This condition could only have been 
produced by the fact that the separation of Greenland 
from America must have occurred in the same direction 
that the current flowed. The outlines and form of 
Davis's Strait tend to strengthen this view. That 
the southern end of the strait is the older is ap- 
parent from the fact that the southern portion 
of it is evidently broader than the northern; and 
also tbe fiords on the south-west coast of Greenland are 
by far more numerous and deeper than further north. 
Let us construct an ideal current chart of that period, 
when both countries were yet united. According to tbe 
theory, a warm current must have moved alon? the east 
coast of Amerloa, and most have entered Baffiu's Bay, 
having tbe full strength of an un weakened current iu 
washing the end of that bay. Thereby considerable 
atmospheric precipitation as rain was occasioned, accel- 
erating tbe growth of the glaciers, which moved on 
toward the valleys, and there formed spurs. The fiords 
we must conelaer as the former beds of these spurs. 

What was tbe agency which caused the separation, we 
ean only surmise. There are two probabilities; either 
the channel is a fissure whioh gradually widened be- 
cause of the influence of the current, or it hue i been 
eroded bv the action of a glacier, the south end of which 
gradually melted down. The latter hypothesis seems 
the more probable of tbe two, and we may regard the 
channel Itself as formerly an immense fiord. But we 
know that the soundings of fiords art) usually shallower 
at the mouth than at the head; while with Doris's Strait 
and its continuation exaotly tbe reverse is true : the 
greatest depths ore found at its entrance. 

In reality nothiug else* could be expected. We know 
that the bottom of the North.Atlantio is slowly hut con- 
tinually sinking, and has been ever since tbe miocene 
period. Among other evidences is the fact that the Ber- 
mudas rest on a coral foundation. This motion reaches 
far north and Includes a part of Greenland. At Disco, 
for instance, the colonial store-house nad to be removed 
from a small island to the main laud because its site was 
inundated by almost every high water. 

Further north the land rises. Kane and Hayes saw 
terrace-like formations, which Hereon el regarded as old 
sea-beaohes. The Polaris expedition detected similar 
appearances. There was decided proof of the rise of 
the land north of Humboldt's Glacier, and many ter- 
races were seen, though too much weight must not be 
given to this appearance, as similar terraces can be 
formed by the melting of snow. In the case of Hall's 
land, there was evidence of its rise in the discovery of 
Crustacea In fresh-water ponds more than thirty feet 
above sea level, which could not be reached by the 
highest Spring tides of ft} feet. Also, at elevations of 
1,800 feet above sea-level, the expedition found marine 
shells and the balanus, identical with those or animals 
at present living in the neighboring sea. Later, mixed 
with these numerous remains were found numerous 
pieces of drift-wood. The expedition also discovered a 



fine, limy mud, 1,200 feet above sen-level, showing by 
aid of tbe microscope, specimens of Polythalamicz. 

These facts as to the rise and sinking of the laud must 
be regarded as important factors In the change of level 
of the bottom of tbe seas. It seems probable that the 
former conditions of depths underwent change, they 
becoming gradually obliterated, because many icebergs 
melt in the middle of David's Strait and Baffin's Bay, 
dropping the debris they oarry.and gradually producing 
shoals. That the separation of Greenland from America 
must have occurred from south to north, soenis more than 
probable. How this took place Is as yet an op in ques- 
tion, needing for its solution many additional obser- 
vations. 

Dr. Bessels read from the report of the Polaris ex- 
amination the results of the scientific work of the 
expedition. This was published some monthe ago in 
The Tribune. 

Prof. Newberry made the following remarks in 
respect to the expedition in whioh Dr. Bessels had 
borne so prominent a part : 

Some of us will remember how, a few years ago. the 
matter of the organization of the Polaris party came be- 
fore us, and the duty devolved upon us of prescribing a 
formula of observations. Instructions for observing In 
some directions of science were delegated to the Acad- 
emy by the Government. Part of that duty fell to my 
charge ; and it became my duty to write out some views 
whioh I wished to submit to Dr. Bessels when 
he left us. That paper was transmitted to 
him Just about the time of the departure of the expedi- 
tion, and members of tbe Academy will remember with 
what sympathy and concern we saw these men take 
their lives in their hands and go off to tbe Far North to 
execute this scientific commission; and nothing is more 
proper than that we shonld reoogn1z3 the importance of 
the contributions that have been made to science ; that 
we should welcome back those who have gone upon such 
a dangerous mission, and that we should express our 
regret that the chief of the party has fallen a victim to 
his devotion to science. 

I shall limit myself simply to the expression of the 
degree of satisfaction I feel as to the aocuraoy of the 
statement that Dr. Bessels has made here, and has made 
to me personally, in regard to the evidences that are 
furnished there [pointing to map] of tbe great changes 
of level. It may be a matter of a little time and need- 
ing a great extent of observation to connect those with 
tbe changes we have found in lower latitudes, and in 
■that way to work out plans that oan give the physical 
history of tbe northern portion of the continent, running 
through that remarkable period, the glacial, and to con- 
nect that with tbe miocene before, when the temperar 
ture was so very different. 

This change of elevation to which he has referred I 
have received notice of with great Interest. You will 
remember that Dr. Bessels mentioned that In tbe cliffs of 
Hall's Land there were found, 1,800 feet above the pros* 
ent level, mollusks such as are living in the sea at the 
present time. We find them all the way down to Lake 
Chauiplaln, and I have myself oolleoted them there, 
evidently indicating the effect of tbe same general de- 
pression. We flud these rocks with many recognizable 
shells upon the shores of an ocean perhaps that has pre- 
vailed over the far north, presenting an ancient coast 
line that at times has been washed by tbe sea waters 
and at other times was elevated by the erosion that has 
out up that great system of fiords. The matter of 
the transportation of the drift from* south to 
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north la of great Importance, and can be 
certainly known if we could find larger 
amounts of bowlders with grooved surfaces. In the 
gradual elevation of temperature, and a diminution of 
the magnitude of glaciers, tbere came a time when the 
glaciers tliere were local, carrying with them the mate- 
rial by which it passed this coast, and very probably 
have left those striated bowlders which could hardly 
have had any other route than such as I have referred to. 

I cannot express my own immediate degree of satis- 
faction iu welcoming back Dr. Bessels, who has so faith- 
fully exoouted the commission we committed to him. 

Dr. Bessels replied : I should like to make another re- 
mark on the raising of the laud. I thought I might find 
some clue in collecting some specimens of the stems of 
old willows that grew on that land, and on examining 
those different willow stems, I found that there was not 
a single one of them older than 196 years. That is indi- 
cated by the number of rings, although I do not think 
that snch a rise as 1,600 or 1,800 feet oould have been pro- 
duced in 196 or 200 years. 

Dr. Ouyot asked : Will Dr. Bessels please tell us what 
-the dlamerer of that tree is, which is 196 years oldf 

Dr. Bessels— These willow stems were a little larger 
than my finger. 

Dr. Ouyot— Might I ask Dr. Bessels how he would ex- 
plain In the transportation to the North the coming of 
the bowlders from Labrador. It seems that the sea 
ought to have come as low down as Labrador. 

The Chairman (Prof. Henry) —Where would be the 
point of separation between Greenland and the conti- 
nent! 

Dr. Bessels— The point of separation would probably 
be in the vicinity or Newfoundland, beoanse in tracing 
such a line following the coast of Greenland would lust 
exactly give us the shape of the continent required. 
You will remember that Burokcioister was the first to 
point out that suoh a triangle with the points to the 
south was the shape of the continent. [Dr. Bessels here 
drew an imaginary triangle "on the blackboard.] The 
apex of the triangle is polntiug toward the south, and in 
tracing the line from the south cape of Greenland to the 
eastern cape of Newfoundland that would Just give the 
triangular shapo required by the theory. 

Dr Gnyot— That is true; but all that space from 
Smith's Bound ought to be open, in order to give the 
drift from Labrador. 

Dr. Bessels— Most likely, but that is what I wanted to 
flndtmt, though we did not find soundings greater than 
those in the low fiords, and we found the lesser depths 
toward the north, the greater toward the south. 

Dr. Guyot— And the separation would be still in exist- 
ence on the northern part. 

Dr. Bessie— We find the same motion of the earth is 
existing still in Australia. The little continent Austra- 
lia is tilting just like a boat under a heavy pressure or 
sea. 

Dr. Guyot— What I want to know is where was the 
connection between Greeland and the continent. That 
Is the point, and I think that oould not be anywhere 
than Just in the southern part. 

Dr. Bessels— Well, I think the last connection must 
have been somewhere lu the latitude of Labrador. 

Dr. Guyot— Anyhow, this transportation of drift north- 
ward is very interesting. All or a part of Bhering's 
Btrait would be open at that time, and the change of 
separation would interrupt the currents from the Pa- 
cific, and ohange the whole circulation from the Pacific 
Bca, 

Prof. Newberry— We think the circulation of the sea 



must have changed, because we find that the amount ol 
atmospherlo saturation from existing currents is not 
enough to form glaciers. 

Dr. Bessels— It Is so very small that the region under 
consideration oould not have been so affected* 

The Chairman— Would not the abnormal appearance 
of the drift be explained by simply supposing that the 
sea of the North is not coincident with the pole of the 
earth f 

Dr. Guyot— Certainly. 

Prof. Newberry— I venture to refer to the fact a* 
mltted, that we have traces of the lower Silurian rock 
stretching through to the utmost point reached north, 
and the upper Silurian, also. The elevation of these series 
of later deposits has come lower this way, as you know. 
In the mouth of the St. Lawrence we have these same 
deposits 500 feet deep in the sea, and down about New- 
York on the Hudson, 200 or 250. The depression seems 
to be greater toward toe north. 

The Chairman then announced that the photo- 
grapher of the Smithsonian Institution desired to 
take a photograph of the audience. Thereupon 
everybody turned about and faced toward the oppo- 
site end of th e halL Grave professors ran their finger* 
through their hair and struck an attitude. A 
solemn rigidity crept over the spell-bound group, at 
last to be interrupted by a sigh of relief as the blaek 
cloth was finally replaced on the camera. 

The next address was an account of the new 
instrument at the Observatory. 



THE GREAT TELESCOPE AT WASHINGTON. 

BT PROF. SIMON NKWCOMB. 

The initiatory movement in the construction 
of the great telescope was early in July, 1870, when 
Congress authorised for it an appropriation of $30,000. 
The contract was made with Alvan Clark & Sons of 
Cambridge, Mass., to manufacture it. The prise agreed 
upon for the entire telescope was $i6,03>. Chance A Co, 
of Eogland agreed to furnldh the glass, they being the 
only makers of achromatic glass suitable for large re- 
fractors. There were many failures In casting the glass 
disks, and fully a year elapsed before Chance & Co. de- 
livered the glass to the Messrs. Clark; but even this was 
more expeditious than has been the case in other in- 
stances, as at least one order given about the same time 
bad not at last accounts been tilled. Alvan Clark & 
Sons finished the great telescope in October, 1872. It is 
not too much to say that the glass fully met the high 
hopes that had been entertained concerning it. 

The telescope is mounted on what Is known as the 
German, or rather the Munich plan; but this has not 
been rigidly adhered to where improvement was pos- 
sible. Certain Important modifications have been made 
in the machinery by which the instrument is operated; 
some of these were devised by the Messrs. Clark, and 
one was adopted from Mr. Cooke's great telescope at 
Gateshead. As a result of these improvements, the ob- 
server can point the telescope by means of the circles 
alone so nearly that an object shall be in the field of 
view of the finder without the observer having been re- 
quired to leave the floor or to look at the obiecu 

The question is frequently asked. How does the new 
instrument compare with other telescopes f This is dif- 
ficult to answer, since there are no refracting telescopes 
in this country of oomparable dimensions. The question 
as to the comparative efficiency of refracting and re* 
fleeting telescopes Is frequently raised. It must bead- 
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bitted that great reflecting telescopes give very variable 
results and are very apt to prove unsatisfactory As an 
instance of this, if we examine the record of HersoheJ's 
work, we find that nearly the whole of it was 
done with his two-foot reflector; we shall almost arrive 
at the conclusion that all the work accomplished with 
the four-foot reflector might have been done with the 
smaller Instrument. The same comparison of results 
leads us to a similar conclusion with regard to the four- 
foot reflector of Lassell — probably the largest ever con* 
structed. He had under the dear skies of Malta mude 
many Important observations; but when be took his 
four-foot reflector there, hoping with it to verify his 
discoveries, it does not distinctly appear that he suc- 
ceeded. 8f ruve, after looking through the fo or- foot tele- 
scope, wrote chat it was not in any remarkable 
degree more powerful than his own 15-inob. instru- 
ment at Pulkova. The only exception to this gen- 
eralization is the faot that the four-foot In- 
strument of Lassell did really discover the two inner 
satellites of Urantu. Prof. Newcomb having redis- 
covered these with the new instrument, and thus veri- 
fied Lassell's discovery, think* that they oould never 
be seen with a Ift-iooh refractor. In the new telescope 
the outer satellites of Uranus look as if of about the si so 
that d, Urscc minort9 appears to the naked eye.. Tne 
smaller satellites, strange to say, have been best seen 
when the moon was shining, and its light was plaiuly 
apparent in the telescope ; the first of these appears 
about half as bright, and the second about one-third as 
bright, as Tltania. 

It must be admitted that it is impossible to make a 
refracting telescope perfectly achromatic. The second- 
ary spectrum which is obtained is for certain kinds of 
observations a serious objection to this class of lenses. 
This is especially the cose where an extremely faint olv 
ject bas to bo observed alongside a very bright one. lo 
Investigating the working of all ordinary telesoopes, if 
we eon flue ourselves to the yellow and green rays, we 
shall find the rays to be brought to very nearly the 
same focus; but on examining the other rays we find 
that the red and the blue rays came to a longer focus, 
while the focus for the extreme indigo and 
violet rays is so much longer that they form a 
halo around the star's Image. Possibly this can be 
avoided by adopting a device of the earlier astronomers 
--by having telescopes of one or two hundred feet in 
length, and by making changes in the curves of the 
glass. 

Tne difficulty in a refracting telescope is a theoretical 
one ; it is inherent In the instrument, and can never be 
entirely avoided ; that of a reflecting telescope is me- 
chanical in its nature, bat has hitherto proved the more 
baffling of the two. On the whole, for regular work of 
almost every kind the refractor is better than the 
reflector. 

Our friends have asked wnether there is difficulty in 
the Washington telesoope on account of spherical aber- 
ration. This proves to be a very smali factor ; lis total 
amount is lees than that produced in the lens bv ordinary 
atmospheric variations of temperature— an effect which 
is noticed when work is first begun with the instrument 
of an evening, but which rapidly wen rs away as the 
glass acquires the uniform temperature of the rest of 
the instrument. It seems to be only the rays near the 
edge of the glass which are thus affected. Prof. Kow- 
eombhas looked through many other refracting tele- 
scopes, by way of comparison, and after full considera- 
tion he gives it as his unhesitating opinion that the new 
instrument must be regarded as a great success. 



The following paper, in the absence of its author* 
was read by the Secretary : 



THREE OF JUPITER'S SATELLITES. 

BY PROF. 8. ALEXANDER OP PRINCETON, N. J. 

It is claimed that the other satellites of the 
planetary system resemble our moon in the coincidence 
of their times of rotation and revolution ; and that in 
consequence every satellite presents always nearly the 
same side to its primary. One occasion for this belief is 
found on observing the special vicissitudes which the 
light of the satellites exhibits, each specified change 
recurring when they have again arrived at the same 
position in their orbits around their respective 
primaries. Another evidence is found in the 
remarkable phenomena of their apparent loss of light on 
certain occasions. All Jupiter's satellites, except the 
second, have at times been seen when in transit on the 
disk of the planer, appearing in whole or in part as dark 
instead of bright spots; and sometimes after at first ap- 
pearing bright they seemed to become dusky. This, as 
Prof. Alexander has intimated In previous publications* 
would seem to be due to the absorption of, and possibly 
also, to the interference of light; i.e., of the light re- 
flected from Jupiter meeting that of the satellite; and 
all tnls on a scale such as Is only Been in astronomical 
observations. 

The extent of the undulations of light coming from the 
planet should, it would seetn.be greatest where the pen* 
etration through Its atmosphere and the return are most 
nearly In a vertical direction, i. e., near the middle of 
the disk; while near its edges those undulations 
traversing the atmosphere (both going and returning) 
with great obliquity, would be more restrained. Ac- 
cordingly a satellite may sometimes— as it doos— appear 
brignt, possibly unusually bright, at its first entrauce on 
the disk of the planet. As it advances uudi*r the par- 
tial effect of absorption, &c. t it becomes duskr. Near 
the middle of the transit it seems relatively black, con* 
tinuing so sometimes to the end of tie transit, the pas- 
sage of tne disk being, very possibly. In the region of a 
bright belt. It is not strange, under these circum- 
stances, that the dark spot should not always be round. 

Aside from all this, however, the phenomena in ques- 
tion would seem to be consistent with the theory of a 
coincidence in the times of rotation and revolution, for 
the appearance of the satellite In the course of its 
transit as a black spot has within moderate Intervals of 
succession recurred when the satellite bad returned to a 
like position in its orbit around its pnmarj. Admitting 
the absorptiou already indicated, then, instructed by 
the revelations of the spectroscope, we may regard it as 
possible tnat the satellite may be colder tnan its primary. 
This would happen— indeed we wonld have a reason for 
it— if the satellite, like the moon, had little or no at- 
mosphere. All these analogies would be quite consistent 
with the hypothesis that all the satellites (including the 
moon) had been similarly condensed from the nebulous 
state, and tlien subjected to the stringent conditions 
which prevail In satellite systems. 

The loss of atmosphere is one of the sopposable conse- 
quences of those strinirent conditions, as indeed M. La- 
place h»B intimated, when, after stating the distance at 
which the attractive force of the earth is in equllibrum 
with that of the moon, he adds : " If at this dUtanoe the 
primitive atmosphere of the moon had not been deprived 
of all elasticity, it would be carried to the earth, which 
would thus draw to itself (Patpirer). This Is perhaps the 
reason why the moon's atmosphere is nearly Insensible." 



18 



Tribune Extras— Lecture and Letter Series* 



BirtUme du Monde), (Book IV., chapter 10, conclusion : 
We may fairly Inquire whether this has not been the 
ease with all the satellites and their common expe- 
rience. 



THE LAWS OP STORMS. 

BY PROF. ELIA3 LOOMI8. 

This memoir was entitled Results Derived 
from an Examination of the United States Weather 
Mans for 1872 and 1873. It was a continuation of the re- 
searches concerning which Prof. Loomis presented a 
memoir at the Academy's meeting last October, which 
was at that time reported In The Tbibcnb. The mate- 
rial employed in these investigations is the United 
States weather maps for the years above named* one 
map dally at 7} a. m. being selected. The method em- 
ployed is to plot out the line of storms on skeleton maps 
month by month, reduce the paths to tabular forms by 
means of a protractor, measuring with reference to n 
meridian, and thus ascertain the progress of each storm 
on a scale of inches. Reduced thus to tabular form, the 
highest velocity Is found in February, 81 miles per 
hour; the lowest in August, 17.7 miles per hoar; the 
average for the year, 26.6 miles per hour. The average 
direction of tho storm path* for the year is N. 82° £., 
and is found to be 33° more northerly in October than in 
July ; the velocity lu February Is 75 per cent greater 
than in August* 

The diversity of the direction end velocity of particu- 
lar storms much exceeds these averages. On Oct. 20. 
187Sf, a storm traveled N. 44° W. ; on Oct. 25, 1872, N. 18° 
W. ; on May 10, 1873, N. 100° £., or 8. 20° £., showing a 
range of storm paths of over 180°. The velocities have a 
range from to 57.5 miles per hour. As the meau values 
of the storm paths would thus form a very uncertain 
guide in predicting their velocity and direction, Prof . 
Loomis undertook an investigation of the disturbances 
accompanying the storms, using the material afforded 
by the weather maps. There seems to be a direct con- 
nection between the fall of rain and the course of a 
storm path. The rainfall of each storm was therefore 
collated* and tho distance on each side of the path to 
which the rain extended. The whole number of storm 
paths was then divided into four classes, accord! ug to 
their respective velocities, with the following results in 
152 oases : 

Vftloeitv la miles Extent of rain 

pe> boor. area in miles. 
21.6 503 

14.5 365 

These numbers indicate that the rain area generally 
extends 500 miles eastward of tho storm center; that 
"When the ralu area exceeds that extent the storm ad- 
vances with a velocity greater than the mean, and when 
the rain area is less, the velocity is below the mean. 
'The comparative acceleration or diminution of velocity 
can be deduced from tho table. 

A similar class of comparisons to ascertain the connec- 
tion of ralufall with the direction pf the storm gave the 
following results : 

Coarse of the Storm. Axis of rshi area. 

W 40=> e. N. 53 1 R. 

N. 116° E. N. 118° B. 

The average course of the storm paths for 24 hours co- 
incides very closely with the portion et the axis of the 
•rain and for the preceding eight hours. 

By dividing the paths of 79 storms into quadrants the 
following table of the prevailing winds was obtained : 



Velocity in miles 

Der hour. 

3S.8 

28.5 



Extent of rain 

ar«a in miles. 

590 

648 



]f..qu*4raitt 
7.6 



6. quadrant. 
8.8 



B. quadrant* 
8.3 



W. quadrant 
10.1 



By further comparisons of extremes of velocity of 



storms and prevailing winds, the following result was 
determined : 

VeWxdtr of • terra la Velocity of win J in Velocity o* *l*d la 

mile* per hour. B. quadrant. W. auvdrtfnl 

33 1 8.8 9.0 

18.1 7.8 113 

These numbers show that the stronger the wtud on 
the west side of the storm, the less is the velocity of the 
storm'* progress. When the velocity in the east quad- 
rant is equal to that in the west quadrant, the Telocity 
of the storm Is seven miles greater than the mean ; but 
when the veloci ry of the wind in the west quadrant ex- 
ceeds that in the east by 45 par cent, the velocity of the 
storm's progress is seven miles per hour teas than the 
mean. 

A comparison of barometric observations showed that 
when the barometer after a storm has passed rises 50 
per cent more rapidly than usual, the storm-center ad- 
vances 21 miles per hour more rapidly than the mean; 
but when the mercury afterward rises 50 per cent less 
than usual, the storm is one that has traveled 18 miles 
per hour lew than ithe mean. The barometric pressure 
at the center of the storm does not afford an index to its 
progress. When the barometer rises rapidly as the 
storm passes by, the pressure at the center is increasing, 
but when at the rear of the storm the barometer rises 
slowly, the pressure at the center is diminishing or the 
storm is increasing in intensity. If the rise of the baro- 
meter is 22 per cent greater than usual, Ithe central 
pressure increases one-tenth of an Inch In 24 hours ; If 
22 per cent less than usual, the central pressure decreases 
a tenth of an Inch in 24 hours. When the winds on the 
western quarter of a storm are stronger than those on 
the eastern, the storm is increasing In intensity ; the re- 
verse is true when tho winds on the eastern quarter are 
strongest. But this rule is subject to numerous exceptions. 

Prof. Loomis then explained the process by which he 
applied similar computations of the relative velocities 
of the wind*, <kc., at high altitudes, such as that of the 
Signal Service stations at Mount Washington ; coming to 
che conclusion that at the bight of 6,000 feet in the west- 
ern quadrant of a storm, the velocity of the wind is more 
than double that of the storm. By another series of 
computations be obtained the forms of the lsobarlc 
corves in at least 200 cases. In 55 per cent of the whole 
number of cases the major axis of the isobar exceeded 
Its minor axis by half its length ; in 80 percent the major 
was double the minor; in 8 per cent the major 
axle was at least four times the minor. The 
storms of the United States are mostly of an 
oval form, with the longer axis most frequently In a 
direction about N. 40 E. About three-quarters of the 
great storms originate in the extreme West. In a oase 
of which the details were particularly reviewed It 
seemed probable that the first development of magni- 
tude in a storm began with the collision of moist air 
from the Pacific Ocean against the peaks of mountains 
fn Oregon, resulting in heavy rainfall. But the most 
remarkable fact elicited was that the storm, onee orig- 
inated and organised, traveled over the highest moun- 
tain ranges without indicating sensible obstruction, 
proceeding eastward across the whole continent of 
North America. 

LOWER SILURIAN FOSSILS. 

BT PROF. J. S. NEWBERRY OF COLUMBIA COLUEGaV 

NEW-YORK. 

This was a memoir on the so-called Land 

Plants oi the Lower Silurian in Ohio. In the January 
number of The American Journal of Science Mr. Leo 
Lesqueroux describes two fossils found In the upper 
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portion of the Cincinnati group, near Lebanon, Ohio. 
These be considers as the remain* of land plants, and 
refers them to the genus Sigtllaria; and this, case is 
cited as the first instance where plants so highly 
organized have been met with in Lower Silurian rocks. 
Through the kindness of the Rev. H. Hertzer, to whom 
the specimens tn question belong, they had been In my 
possession some time before the publication of Mr. 
Lesquereux's notioe, and I had examined them with 
some care for the purpose of determining, if possible, 
their botanical relations. I had also made careful 
drawings of them, of which copies are herewith sab- 
mitred. As the result of my examination I am 
compelled to say that I fall to find either 
in the external characters or interna! struc- 
ture of these specimens any satisfactory evidenoe 
that they represent land planes; still less that 
they form species of the genus Sigillaria. Thetr 
external markings are fairly represented in the accom- 
panying figures, and 1 am compelled to say that they 
exhibit no Internal organio structure whatever. They 
are simply casts in earthy limestone without carbon, 
aceous matter, or any traces of woody tissue. The 
smaller specimen is a discoid section of a cylindrical 
trunk of which the external surface is very smooth, but 
is marked by a reticutatlon not unlike that of one 
section of the genus Sigillaria, I fail to find, 
however, any dots or tubercles in the 
centers of the meshes, such os are referred to by Mr. 
Lesquerenx, and which were they present might be 
supposed to represent the place of the nutrient vessels 
of the leaves. Taken by Itself I should say that this 
specimen might bo considered to represent a sponge or 
some other low form of marine life, quite as well as 
Sigillaria. Since the specimen is so small and forms so 
little of the original organism I think it would be unsafe 
to make it the base of any general and important con- 
clusion. 

The layer specimen Is represented, like the other, 
of the natural size. This is also a cast of 
a nearly cylindrical trunk of which the ex- 
ternal surface is roughened by Irregularly disposed 
and unequally sized lenticular prominences. These re- 
call, in a rude way, the leaf soars borne by the trunks of 
some Lrcopodlaceous or Cyoadacebus plants, but they 
do not exhibit the spiral arrangemeut, nor the details of 
structure which the leaf-scars of such plants almost uni- 
versally retain in the fossil state. In the interior of this 
trunk are seen a few irregularly scattered points of oar- 
bouaceous matter, but they are not oontlnous fibers, and 
to ray eye show no traces of cell structure. 

Taking all the characters of these interesting fossils 
tnto consideration], t am disposed to regard them as 
casts of the stems of fuoolds. Had they been land plants 
they would almost certainly exhibit moro distinctness 
and regularity of surface marking, some coating of car- 
bonaceous matter, and some traces of organio structure. 
A large number of specimeus of sea-floated land plants, 
which we have fouud in the Devonian limestones of 
Ohio, all assert their botanical affinities by these 
characters. The remains of fuoolds, on the con- 
trary, consist almost universally of mere casts 
of their external surface, carbonaceous matter 
and Internal structure having both entirely disappeared. 
For these reasons, therefore, I should hesitate to hang 
upon these specimens so Important a conclusion as that 
promulgated by Mr. Losqoereux. I would not be under- 
stood, however, to assert positively that they are not 
the remains of land plants, for they are too Imperfect 
to be decisive of that question, but only this, that they 



do not afford characters which permit one to accept them 
as evidence of the existence of land plauts, and certainly 
not of Sigillaria, in Ohio, during the Lower Silurian < 
age. The remains of what have been called land plants 
are found In the Lower Camorlan sandstones of Sweden, 
and two species have been described (Eophyton Lennar* 
tonum, Torell, and E. Torelli, Lenarson). These plants 
are pronounced by algologists not to be algae, but are 
referred to vasoular cryptogams aud monocotyledons. 
It is not certain, however, that they are not thallogens, 
as all traces of structure are lont, and nothing is left 
but the oast or Impression of the external surface* 
(Geological Magazine, September, 1880.) 

Land plants of Gospe have also been found in the 
Upper Silurian strata, Canada, by Prof. Dawson. Here, 
with a large number of fuoolds, a few specimens have 
been found, which he refers to his genus Psiloplayton. In 
these the scalariform axis, and the outer fibrous back 
both remain and serve as satisfactory guides in their 
olasslflca r ioo. {Dawson's Prccarboniferoiis Plant* of 
Canada, p. C6.) 

With these exceptions no land plants are reported 
below the Devonian. On this point, however, the evi- 
dence is all negative, aud highly organized land plants 
may be at auy time fouud in the Lower Silurian rooks. 
Indeed, the variety and high rank of the Devonian flora 
prepares us to expect such a result. Strict accuracy 
compels us to state, however, that up to the present time 
positive proof of the existence of land plants in the 
Lower Silurian has not been met with in other countries, 
nor is it furnished by the specimens under considera- 
tion. What we know of the physical condi- 
tion of the region about Cincinnati during 
the Lower Silurian age strengthens the conclusion 
that the specimens before us are the remains of marine 
and not terrestrial vegetation. As I have shown In tb* 
Geological Report of Ohio, the Cincinnati axis was raised 
above the sea at the close of the Lower Silurian age. 
and when the Cincinnati group was deposited an open 
sea occupied all that region. The shores of this sea 
were formed by the Eozoio highlands about 
Lake Superior, In Canada, In the Adirondaoks, 
and along the Blue Ridge; nowhere less than 
500 miles awuy from the locality where 
these fossils were found. It becomes, therefore, ex- 
tremely improbable that two distinct species of terres- 
trial plants should be wafted from those distant shores 
and deposited in the calcareous sediment of the sea at 
this point. The remains of fuoolds are, however, not un- 
common in the Cincinnati group, and the only objection 
to grouping these fossils with ButhotrephU and the 
other Silurian algss must be found In their some- 
what peculiar surlaoe -markings. These are, how- 
ever, not unlike the markings on the stems 
of many recent and fossil fuoolds. The summit 
of the stem of the giant kelp Macrocystls is marked with 
irregular rings left by the removal of their great fronds, 
and the stems of many fossil fuooids are scaled or tuber- 
culated more regularly and distinctly than are these 
specimens. Among such I will only oite Arthrophyeu9 
Hallii of the Medina, the tuberculated fuooid called 
HalymtnUisot the Cretaceous,and the scaled Phytoderma 
of the Jurassic 



HOW THE EARTH WAS FORMED, 
by capt. c. b. mrrroN, u. s. a. 
This paper was entitled A Criticism upon 

the Contractlonal Hypothesis. 
The hypotheses that have been put forward to 



so 



Tribune Extras— Lecture and Letter Series. 



explain tho operation of forces beneath the earth's 
surface in prod uoi off its characteristic features are here 
referred to two types: (1) those attributing the surface 
features to contraction from loss of heat, which may be 
called the oon fractional hypothesis, and (2) the argu- 
ments which attribute them more or less to disturbances 
produced by external changes, which may be called the 
Fractional hypothesis. 

The contractlonal hypothesis assumes that the earth 
may be regarded as of two portions— a cooled exterior 
aud a hot nucleus. The secular loss of heat Is supposed 
to be greater from the latter than from the former, and 
by a consequent contraction of the nucleus it is assumed 
that the shell would tend to collapse. Owing to the 
unequal ability of certain portions of the shell to bear 
the tangential strains thus occasioned, the yielding 
taking place along the lines of least resistance would be 
manifested in the production of table lands, or moun- 
tains, or disturbed stratification. The smaller con- 
ductivity of materials underlying the land is held to 
account for the primary division into land and water, 
the land having been left behind in a general con- 
vergence of material toward the center. 

There can be no reasonable doubt that the earth mass 
consists of a cooled exterior inclosing a hot nucleus, 
and secular cooling and contraction are necessary corol- 
laries. As the process was of immense duration, we 
may take some starting point, and assuming the loss of 
temperature to have been continuous, may arrive at a 
period when the whole mass was fluid. As was pointed 
out by Sir William Thompson, this was a period of homo- 
geneity, both as to material and heat. The first result 
of loss of heat would apparently be consolidation, and 
the argument of Hopkins is here accepted that consoli- 
dation would begin at the center, where pressure would 
enable congelation to be effected at high temperatures. 
Materials solidifying at the surface would sink by their 
Increased density, until the surface was so far reached 
by solidification proceeding from the interior as to leave 
only an imperfeotly liquid mass, where such movements, 
gradually retarded, at length ceased. The result would 
be a solid globe with perhaps Isolated reservoirs or 
liquid that might consist of matter having a higher 
melting point. 

MATHEMATICAL BASIS OF THK ARGUMENT. 
Here follows in Capt. button's memoir a summary of 
Fourier's solution of the problem or secular cooling. It 
is based upon certain factors, which are represented 
thus: 

V, denotes half the difference of the two initial 
temperatures. 

r, half their sum. 

t,the time. 

x. the distance of any point from the plane. 

T, the temperature of the point x at the time t. 

k. the conductivity of the material in terms of its own 
thermal capacity. 

With these data a formula Is computed. To obtain the 
coefficient of k, Messrs. Thompson and Forbes made 
experiments on rock material with tliormometers im- 
bedded at distances of from three to 25 feet during a 
period of 14 years. V, representing the maximum tem- 
perature of the interior or the earth at the beginning of 
cooling, must be hypothetical; for our purposes we may 
take it as the melting point of the more refraotory 
material forming the chief bulk of the nucleus, and as- 
sume it to be that of the anhydrous silicates and that 
they are 600 to 800 miles In depth. Allowing for the 
effect of pressure upon the congealing point we may ac- 
cept Sir William Thompson's estimate of this tempera- 
ture as* at a maximum, 7,009° F. A course of mathemati- 



cal reasoning then is pat forward by Oapt, Duttou, 
which shows that if it be possible to determine a true 
mean rate of Increase of temperature per foot of descent 
at any point near the surface, the time required to elapse 
from the epoch of the establishment of the ooollng to 
the present time can be deduoed. This mean Is plaoed 
by some investigators at 1-00 of a degree of Fahrenheit 
per foot, by others at 1-60 ; the formar would give about 
100.000,000, and tho latter about 130.000,000 years. 

The correctness of the mathematical deductions can- 
not be questioned, but the data on which they proceed 
are open to doubt. The coefficient of k may not be an 
invariable constant, as it seems probable from experi- 
ment that the conductivity of material increases as 
fluidity is approached. The time required to establish 
an increase which may be represented by 1° Fah. 9 
divided by 60.6, would thus probably be largely aug- 
mented. This would also reduce the basis of the con- 
tractlonal hypothesis by reducing the total dissipation 
of heat and the contraction inferred from it. Again, as 
to k, if porous rooks are saturated with water they are 
much worse conductors than those on which Sir William 
Thompson experimented; this value, now represented 
at 400, might then be put at 360.' The effect of this would 
be to extend the duration of the cooling. Another factor 
open to question is the rate of increase of temperature 
per foot of descent. Its value, varying widely with lo- 
cality, Is found in some places one-fifteenth and In 
others ono one-hund re d-and- tenth. Proximity to igne- 
ous masses may vitiate any average based on such 
observations, as these case* may be extreme, and 
aqueous circulation below the surface may equally 
vitiate other observations. 

RESULTS AS TO THE AQB OP THE XABTH. 
(1.) Let us assume that the earth, when first ceasing 

to be fluid, had a temperature of 7,000° F.. and now ex- 
hibits an increase of one one-hundredth of a degree for 
each foot of descent near the surface. The period be- 
tween would then be about 625,000,000 years. At a depth 
of 900 miles the increase of temperature would be about 
a fifty-six hundred and fortieth of a degree per foot of 
descent; thence inward the total amount of cooling 
would be inconsiderable ; outward it would augment at 
an increasing rate to the mean temperature at the 
surface. 

(2.) Take the present surface rate of increase of tem- 
perature at, per foot, one degree Fah. divided by 60.6* 
The epoch would be about 160,000,000 yoars, and be- 
low 140 miles the rate of increase of heat would be 
inconsiderable. 

(3.) Take the valuation of k at 400 Instead of 260, and of 
the surface rate at 1 divided by 60.6, the epoch becomes 
about 98.000,000 years, and below 160 miles the rate or 
Increase would be less than 1 divided by 2,700. 

(4.) Take k at 260 and the surface rate at 1 divided 
by 200. the epoch would be 2^00,000,000 years, and at a 
depth of 600 miles the cooling might bo disregarded. 

But in general the application of this theorem is fatal 
to the contraction hypothesis, as it shows that after 200 
orSOOmllosthe oooling has been comparatively little; 
were it otherwise the present rate of increase of heat per 
foot would be lower than the lowest reasonable estimate 
with our present knowledge. Our acquaintance with 
the laws of plutooio action Is insufficient to take it 
into account, but as an element In the problem it may 
be regarded as of Inconsiderable moment. Chemical 
changes could scarcely take place at the limits of sensible 
cooling, and cannot be regarded as operative at greater 
depths than 200 or 800 miles. The contraction of this 
portion cannot be more than one-tenth, if we assume the 
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total contraction of the earth's radios at 80 mites since 
the formation of a cooled exterior. 

OBJECTIONS TO THIS CONTRACnONAL HYPOTHESIS. 

By far the greater portion of tbls cool in* muse have 
taken place before the palroozolo age. By far the 
greater portion of the residue mast have occurred be- 
fore the beginning of the tertiary period, and yet the 
whole of tbis contraction would not account Tor the dis- 
turbance b which have occurred since the close of the 
cretaceous period. To acoount for the tangential com- 
pression in mountainous regions we should be compelled 
to assume contraction since the Permian period. But 
wo find the Laurentlan rocks excessively disturbed, and 
cannot attribute tbis to secular contraction of the inte- 
rior. Shrinkage of one-fifth in linear density implies an 
id crease of 05 feet in mean density; and this is incom- 
patible with any reasonable supposition as to the con- 
dition of the earth's mass while the Liurentlau sedi- 
ments were accumulating, if we consider their distor- 
tion as due to contraction. 

Again, a vertical seotion through the Appalachian 
chain', and thence westward to the 103th meridian, shows 
a highly disturbed surface for 250 miles. If the contrac- 
tion was general, there must have been a vast slip over 
The nucleus. Bat the friction and adhesion between the 
crust and the nucleus seem to have been overlooked. 
Tne analytical method applied to this would demonstrate 
its impossibility. Again, the ten ienoy to corrugation 
along certain belts wltb series of parallel folds is 
assumed on a doubtful basis. The shrinkage of the 
nucleus would Institute a strain in all directions within 
Its own -tangent plane. Relief by horisontal yielding i n 
one direction would give no general relief ; the intensity 
of the strain in all other directions would still re- 
main. The case is not that of a collapsing cylinder, 
but of a dome, and great deformations of the earth's 
surface must ensue. The plications of the palaeozoic rooks 
are not of this general character. They are localized in 
long and rather narrow belts. Still more discordant is 
the evidence of the tertiary plications; the disturbance 
from Cape Horn toBehrlng*8 Boa is a continuous, nar- 
row belt. If we admit contraction along the belt alone, 
we cannot explain the regular figure ot the earth as au 
ellipsoid of revolution with an eccentricity proportioned 
to its mean density and angular velocity. Here the 
analogy of the withered apple falls ; if corrugated by 
shrinkage it fails to preserve its figure, or if preserving 
lr. must oorruif ite unifortuly. To avoid prolixity this 
argument is not carried into the discussion of details of 
surface. 

Prof. Guyot read a memoir of Prof. James H. 
Coffin, The following papers were read by title 
only : A Memoir on the Zodiacal Light, by Prof. 8. 
Alexander ; On Some Points in Mallet's Theory of 
Vulcanicifey, by Prof. E. W. Hilgard ; The Polariza- 
tion of the Zodiacal Light, by Prof. A. W. Wright. 

Mr. James D. Warner of Brooklyn read a purely 
technical paper on a New Set of Bernoulli's N umbers, 
which are a mathematical invention for shortening 
certain algebraic processes by (heir application tc 
the' coefficients of development of expanding series. 

At the conclusion of this paper, without another 
word pro or con, without stilted resolutions, or auy 
other of the numerous devices for olosiug an ex- 
tended meeting, Prof. Henry simply rose from his 
chair and said : 

" The Academy is now adjourned." 

And it was adjourned. 
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PHOTOGRAPHIC COPIES AT WASHINGTON 
FROM THE BRITISH MUSEUM. 

COPIES OF GEORGE SMITH'S RESTORED CHALDEAN 
TABLETS IN THE SMITHSONIAN INSTITUTION— 
HOW THE CUNEIFORM CHARACTERS WERE DE- 
CIPHERED AND THE 6TORY THEY TELL— THE 
RECORD OF THE EXPLOITS AND DECREES OF 
ANCIENT KINGS. 

| FROM AX OCCASIONAL CORRESPONDENT OF THB TRIBUNE. | 

Washington, D. C, April 24.— 1 make it a 

point to stroll oyer the Smithsonian Institution at least 
twice a month to see tbe additions to the curiosities 
which are there on exhlbl.iori. Last week my visit was 
rewarded by a view of the famous tablet* which pre- 
sent the Cbaldean account of the Deluge. These tablets 
are copies of those restored by George Smith, cura- 
tor of the Assyrian and Oriental Departments of the 
British Museum, and were procured by Professor 
Henry, at the request of Professor Mason, of Columbia 
College, Washington. Professor Mason has for several 
years made a specialty of Oriental languages and 
history, and is said to be the only man in this country 
who can decipher the character of the cuneiform in- 
scriptions. He was In the building at the time I visited 
it, and I found him In the great upper hall busily en • 
gaxed in banging tbe ^magnificent series of phototypes 
published by the British Museum, of which mention will 
be made further on. These copies will be placed in the 
large upper hall, which is to be devoted to ethnological 
8ubiects. All tbe natural history specimens which have 
hitherto been kept lu that hall will be taken down stairs. 
New cases have been made for tbe proper exhibition of 
ethnological curiosities, and the vast collections of tbe 
Smithsonian illustrating the habits and life of Sforth 
American Indian tribes, as well as of many other unciv- 
ilized peoples, including some that are prehistoric tn 
their antiquity, will thus be brought together and ar- 
ranged with accurate classification for tbe use of the 
j professional student. The systematic method of arrange- 
ment of the colleorions of tbe Smithsonian Institute, 
under tbe care of Prof, Balrd, adds materially to their 
usefulness and value. 

Professor Mason soon became enthusiastically inter- 
ested in the subject of the tablets, and gave tbe follow- 
ing history of their discovery and restoration : 

Some twenty-five years since, Mr. George Smith, a 
young engraver in London, showed considerable iucerest 
In matters of Oriental art and curiosity deposited In the 
British Museum, and, finnlly, upon the return to En- 
gland of Sir Henry Bawlinson. the distinguished Oriental 
scholar, astoutshed the latter one day by easily decipher- 
ing the inscription upon one of ihe Assyrian relics 
brought by Layard from Nineveh. Mr. Smith became 
an employ6 of the* Museum, and ultimately curator of 
the department of Oriental antiquities. In 1846 Mr. 
Layord, while making his excavations on the supposed 
site cf Nineveh, broke through Into a largo room, which 
proved subsequently to be the library of Assurbanlpal, 
who was Kms of Assyria B. C. 668-640, and who estab- 
lished tnU library B. C. 667. Tne writings of the ancients 
were eugraved upon tablets, which, in mo*t Instances, 
were made of stone; but. at the Euphrates'* mouth, the 
area covered by the Chaldean Kingdom is entirely allu- 
vial, and stone is altogether wanting ; therefore, the 
Cnn idea n tablets are made of terra ootta, or else of un- 
burn t clay. Layard found large numbers of these tablets, 
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arranged about the room In four divisions, lying In piles 
like blocks. These he collected carefully and sent to 
England ; bot during the transit home, owing to care- 
less pocking, nearly all 'were reduced to fragments. 

THE STORY OF TTIB FLOOD. 

Large numbers of these tablets comprised the gram- 
mar, lexicons, dictionaries, and spelling-books ot the 
language, and one of tbe four divisions of the library 
was known as tbe Mythical and Mythological section. 
In this latter section Mr. Smith discovered tbe story cf 
the Deluge, and in a paper read before the Biblical 
Archaeological Society of London described as follows 
his patient labors in attaining its restoration and trans- 
lation: 

From the Mytblcal and Mythological section of 
Assyrian texts I obtained a number of tablets, giving a 
curious series of legends and including a copy of the 
story of tbe Flood. On discovering these documents, 
which were much mutilated, I searched over all the col- 
lections of fragments of Inscriptions, consisting of sev- 
eral thousands of smaller pieces, and ultimatelv recov- 
ered 80 fragments of these legends, by the aid of which 
I was enabled to restore nearly all the text 
of the description of the Flood and considerable 
portions of the other legends. These tablets were 
originally at least 13 In number, form- 
ing one story or set of legends, the account of the Flood 
being on the eleventh tablet. Of the Inscription de- 
scribing the Flood, there are fragments of three copies 
containing the same text; these copies belong to the 
time of Assurbanlpal, or about 660 years before the 
Christian era, and were found in the library of that 
monarch In tho palace at Nineveh. The original text, 
according to the statements on tbe tablets, must have 
belonged to the City of Erech, and It appears to have 
been cither written in or translated into the Semitic 
Babylonian at a very early period. The date when this 
document was first written or translated is at present 
•very difficult to decide. * * * On comparing the 
Deluge text with dated texts of the time of Sargon I., 
it appears to be older than these, and its original com- 
position cannot be placed later than the seventeenth 
century before the Christian era ; while It may be much 
older 

The eleventh tablet, which, as Mr. Smith has proved, 
contains tbe account of the Deluge, comprises two hun- 
dred and eighty-nine lines of cuneiform characters, in- 
scribed upon both sides of tbe tablet. Tiie copy sent to 
tbe Smithsoulnn Is in two plates, showing each side of 
the original inscription, whloh are handsomely mounted 
to protect them from injury. Assurbanipal, in whose 
time the library woe founded, is supposed to be the 
King who was known to the Greeks by tbe name "Sar- 
danapalus,"andwbooccnpled the relation to Assyrian 
history that Plslstratus did to that of the Greeks. The 
stuly of the cuneiform characters has since 1803 been 
closely pursued by Oriental scholars, and tbe results at- 
tained in reading the inscriptions contained in the Brit- 
ish Museum have been Ions foretold as describing the 
history of the Chaldeans and Assyrians. 
FAC-8IM1LE PUBLICATIONS BT THE BBITISH MU- 
SEUM. 

The British Museum has already published six volumes 
of the cuneiform texts in fao-simlle. giving also the 
results, as far as ascertained, of the labors of various 
scholars m their translations. Iu addition to these, an 
enterprising London firm has published an extensive 
series of photograhs of objects in the Museum, and that 
portion which relates to Assyrian history basjusc been 



received at the Smithsonian, and is the collection already 
spoken of as being prepared by Prof. Mason for| exhibi- 
tion. A large portion of these photographs are of the 
sculptures in the North- West Palace at Nlmrud, which is 
nearly opposite the supposed site of Nineveh, and are of 
three groups or periods, B. C. 884, B. C. 745, and B. C. 668, 
and afford to scholars tests of progression In the art at 
thesejthree dates. Tae oldest sculptures disoqyered by 
La yard at this place, are of the time of Asshur-na-sir-pal, 
B. C. 884 to 830. The deeds of this monarch are related at 
length, and no dotails seem to have been considered toe 
minute or Insigulfloant to be depleted. The exploits of 
the King in hunting are as minutely finished as those 
describing his military expeditions. From these former 
slabs It appears that he " preserved " his game, having 
a large park stooked with wild animals, the supply of 
which was kept np by tribute and by presanis. The 
King is represented riding down his enemies, bending 
his bow aud shooting at their defenses, or receiving 
submission. All the details of slaughter, and of the 
cruel, barbarous treatment of prisoners are given— such 
as impalement on high poles, cutting and dlse mbo wel- 
ling— and show exactly the various arms, engines, and 
military implements of the time. The famous "Black 
Obeli**," found bv Layard in the Cantral Palace at 
Nlmrud, was erected in this palaoe by Shalmaneser 
II., and represents the incidents of thirty-one campaigns 
of that monarch, and among others receiving the embas- 
sador and tribute of Jehu, King of Israel. This occupies 
tbe top row of one of the four faces, and is the 
first mention in Assyrian history (B. C. about 
850) of a Jewish king. The Assyrian series or plates 
closes with the reign of Assur-ban-i-pal, and these as 
works of art present the most advanoed specimens. In 
tLe hunting scenes the sport is tamer as oom pared with 
like scenes iif tbe reign of Asshur-na-zlr-pal of 200 years 
before. The lions are now carried in cages to the spot 
and then let out, while in the earlier time the game was 
roused in the open country and hunted down. The very 
expression depicted upon the face of the game shows 
the decadence of the sport, and all accessories of the 
scenes depiot a lacier and more ostentatious mode ot 
hunting, and foretells tbe decay of the empire, wbioh la 
less than 60 years (B. C. 600) crumbled to pieces. In one 
of the photographs is shown a small glass vase, found at 
Nineveh, bearing the name of tbe Assyrian monarch 
Sargon, the date of which places it in the year 719 before 
tbe Christian era. This is the earliest known specimen 
of transparent glass. 

Many of the tablets bearing decrees of tbe King are 
trilingual, though merely variations of the Semitic 
writing. These inscriptions, being placed in parallel 
columns, long set at fault the efforts of scholars to de- 
cipher them, until it was discovered that the three 
great divisions of the Chaldean Empire were lu habited 
by people who varied in speakiug aud writing their 
language greatly, and the three columns oootained 
these three variations. 
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THE POET LONGFELLOW. 

LECTURE BY MR. JAMES T. FIELDS. 

A DISCOURSE UPON HIS CHARACTER AND POETICAL 
WORKS— HIS GENIUS AND ZEAL FOR STUDY— IN- 
TERESTING DETAILS OF THE ORIGIN OF SOME OF 
HIS FAMOUS POEMS— HOW THE M PSALM OF LIFE " 
AND " EXCELSIOR 11 WERE WRITTEN— HIS TRIBUTES 
TO HIS FRIENDS— A DELINEATOR' OF FINE AND 
TENDER SYMPATHIES. 

IFBOM AX OCCASIONAL CORRESPONDENT OF THE TRIBUNE. 1 

Boston, April 24.— The pupils of the Girls' High 
School have had another addition to the debt they 
already owe Mr. James T. Fields. He has always 
taken a great deal of interest in the school, and 
when he had prepared bis interesting lecture on 
Tennyson, he first submitted it to their indulgent 
ears. The lecture on Longfellow, which he read to 
them on April 24, surpasses any of his previous 
essays of a similar nature id its admiring apprecia- 
tion of his subject and intimate acquaintance with 
it. Its delivery may be considered as a sort of 
literary dress rehearsal, and, if the evident delight 
of the young ladies and the few soore of visitors 
who heard it is any criterion of the favor with which 
it will be received by the general public, it will 
prove more successful than either of the half-dozen 
similar essays which have been so favorably received 
during the past Winter. The lecture, which is fully 
reported below, occupied in delivery hardly an hour. 



. THE LECTURE. 

Fellow-Students : I onoe bad the pleasure of speak- 
ing to youlu this ball on "Alfred Tenuyson, the Poet 
Laureate of England.'* I am to speak to you now on 
one of our own stars who Have sung, a ^poet of such 
marked and varied excellence, a character so reverenced 
and beloved among us, and iudeed everywhere, that I 
have only to mention the name of Longfellow to secure 
at once your sympathy and your Interest lu my theme. 
It seems to me that this earlv hour of the day is the 
seleotest one for readlug an essay on Longfellow to such 
an audience as this; for*he is always young, always 
full of the spirit of sunshine and the dawn, always im- 
parting strength and courage to endeavor, and always 
singing In his own peculiar way that " life Is real and 
earnest:" that we must all strive to "act la the living 
present," and that "still achieving, still pursuing." 
should be the end of our flying and fleeting existence. 
Somehow the world has always had an Irreverent habit 
of elevating Us nose at living authors of genius, as if it 
was a crime for a really great poet or prose writer to 
be alive and well and enjoying the society of bis friends ; 
as If dust and ashes added a certain respectability to 
merit, and it were highly appropriate to wait till a man 
be safely under the ground before he was to be con- 
sidered an heir to fa me and celebrated accordingly. As 



soon as a great author is dead, we all begin to do him 
Justice. Then we crowd about his grave and throw in 
tributary flowers that should have made glad his heart 
and all his living senses while he still lived among us, 
and when he could have beard the voice of praise not 
with the dull, cold ear of death, and felt the laurels 
around his living, sensitive brow. Lot us try, to-day, to 
be just to a living poet, and express without reserve 
.that earnest pride we feel In blm, and which those who 
will come after us will be sure to cherish. 

THE GBAND AND HEALTHY LESSONS OF HIS POETRY. 

The poetry of Longfellow is full of grand and healthy 
lessons. " Stand up to your work, whatever it may be, 
and do not be afraid of it," is one of them. We are 
sometimes unmindful here In America that corn must be 
ground before It in baked. We are apt to hurry every- 
thing, and to forget that If we do not know a thing cor- 
rectly we really do not know it at all. But Longfellow 
Is to be placed with the army of scholars us well as with . 
the gifted band of world-renowned felugors. I am to 
speak to you of a man whose poetrvls not an experi- 
ment, but an assured and Listing fact ; of one who has 
no infirmities which I have been able to discover ; of 
one whose fancy never disordered or misdirected the 
purpose of his muse. Some poets, and good ones, have 
sometimes Aimed out, vaguely bristling with dictionary 
worfc, and Bhocked us with their vugaries of thought 
and expression; but Longfellow is never false 
or affected; his language is always that of 
man to man and human hoart to human 
heart. He never writes of one thing for 
the purpose of putting another. His purpose Is always 
direct, and he goes to his work with the certainty of the 
arrow and with a power that is thoroughly In earnest. 
Intheyear 1820— just fifty-four years ago— the question 
was started in The Edinburgh Review, which raised such 
a breeze throughout America that the query is destined 
never to be forgotten. The exact form of the inquiry 
is precisely in these words: " In the four quarters of the 
globe, who reads an American book 1" Now t don't 
think at that period this question was an Impertinent 
one. We really had not much literature to show, as to 
quantity or quality either. In those days. Twelve 
months after that question was asked, a young lad had 
just entered his name as a studout lu Bowdoin College 
who was destined, forty years later, to become the most 
popular poet in the civilised world, including this same 
kingdom of Great Britain, where The Edinburgh Review 
was published. 

MORE READ THAN ANT OTHER LIVING POET. 

To-day there is no disputing the fnct that Henry 
Longfellow is more read than auv other living poet; that 
his books are more widely circulated and bring more 
oopy right than any other written in English verse. 
There mutt be some reason ror this popularity, among 
blgh and low ; some sufficient cause for this lasting and 
firm regard for tho man who at a very early age oame 
singing out from the borders of Maine into the world of 
song. Early he says somewhere— and I wish you all to 
remember this— that *' geuius Is only the infinite capacity 
of taking trouble." I often think of the infinite pains 
Longfellow took when a youth to booome a scholar, 
ripe and mature. Starting off in a small brig, 
in the first year of his college life, he 
goes into Denmark and studies Danish, and ob- 
tains a kuowledge of Icelandic, German and Dutch in 
the same way. He resolved to be not a mere king of 
#hreds and patches, bat a real master in the studies he 
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determined to conquer. Holmes speaks somewhere of 
one who " performs a little with tho lead pencil." Little 
performances were not what Longfellow was after in 
life. Let me give you a glimpse of him as he appeared 
years ago, from that little book, "A Year in Spalu," and 
which contains au excellent aocount of Mr. Longfellow, 
whom the writer met in his wanderings. He saj r s : 

My companion was Just from college an1 fall 
of the ardor excited by classical pursuits, with health 
unbroken and with a curiosity which had never yet 
been satisfied. He had sunny locks, a fresh complexion, 
clear blue eyes, aud all the indications of a Joyous 
temperament. 

This is a true and interesting picture of the young 
scholar in his first travels into the grand old world or 
art and romance. There are those called poets who live 
in the sleepy hollows of thought, " where it is alt the 
time afternoon." But Lonofeliow is not one of these. 
He has made himself controller of that high art called 
poetry by coming in contact at all points with the great 
interests of humanity. Haying been kissed by tho fairy 
queen of song in his cradle he lienooforth beoame her 
living Bubjeot to do her noblest and best work. 

HIS PROFOUND AND SPECIAL SCHOLARSHIP. 

Borne scholars never carry their understandings about 
with them, bnt leave them dozing on the library shelves. 
A mere scholarly man could not have written as Long- 
fellow wrote. A man may be very expert in oil the 
dead languages, but utterly unlearned in any Irving oue. 
A quotation quoted from a quotation is not tbe most 
enlivening to the present race. This all-alt ve and sharply 
modernised world of ours has outgrown tho dead-letter 
times, strange as it may seem perhaps in Oxford and 
Cambridge. Longfellow's scholarship is profound and 
special, but it never clogs for a moment the Impetus ot 
his nineteenth century genius. He can answer correctly 
more questions than almost any man of his time out of 
the pages of the past, but he never lntruies his wisdom 
into his poetry. It is there, very deep do.vn, 
like the roots of things, but tbe garlands of 
song cover up and conceal the river of knowledge 
that is flowing beneath them. If he were not known 
as the great poet, he would certainly be * recognized 
everywhere as a preeminent scholar and thinker. In 
poetry, we are apt to have many acquaintances but very 
few friends. With how many men and women are we 
on speaking terms lu poetry, but how few we really love 
and cannot live without ! Our supreme favorites in the 
poetic art you can easily catalogue, and Longfellow is 
one of them. There is never aoy coldness, never any 
unsympathetic relation betweeu him and his readers. I 
dare say you all remember those beautiful dedicatory 
stanzas in the new volume, published in 1849, where he 
flows out in that deep, tender strain of salutation to all 
who have ever sent him messages of friendship founded 
on a perusal of his writings. 

MORE WIDELY QUOTED THAN ANY POET SINCE POPE. 

Since Pope, no poet has been more quoted than Long- 
fellow. He has added to the stock of English letters and 
speech as many lines, couplets, and verses as any other 
of a hundred years. This is a sure test of poetic thought 
and inspiration. You must look to Shakespeare aud a 
few other great ones for a larger currency of expression 
than our American Lontrfellow had. The mottoes on 
thousands or title-pages are-from him ; if you go to En 
gland, you will hear him cited in Parliament, in 
Westminster Hall, and in the cathedral ; every 
pulpit admits him, for his thought la wide 



enough to embrace aH creeds and all spiritual- 
ities in his hallowed and responsive verse. It is be- 
cause he humanizes everything he touches, that his 
lyre has nothing alien to any soil. I have heard him 
quoted by an American monk with a cowl, and I have 
heard him sung by a band of humble worshipers in a 
camp-meeting among tbe hills of New-Hampshire. No 
be.irt but can receive him aud find consolation in his 
melodies, and this is one reason why he is one of the 
most popular of all poets writing Buglish. Borne one 
seeing a copy of one of his books lying in a low drink- 
ing saloon has said, M This Is Indeed true fame." Tbe 
poorest cottager, if he have any books at all, must be 
sure to have something that Longfellow wrote. Being 
overtaken in tbe country by night, I found lodging 
in a humble bouse, I was shown to a litde 
room next tbe roof, and there the only book 
beside the Bible was his " Voices of the Night*" *** 
I was forced to repeat, "This is indeed true fame." 
No poet has ever paid tenderer tributes to bis friends 
than Longfellow, and that is a good sign. When Haw- 
thorne, his rriendand fellow-student, was buried on that 
beautiful May day, in 1864, the heart of the poet seemed 
to be weeping in that tender requiem that followed al- 
most immediately after tbe funeral procession of the 
great romancer. In the lines addressed to the Biter 
Charles there is a verso commemorating three friend- 
ship?, oue of which was Charles 8amuer*s. He sings la 
his owu melodious way: 

M More than this, thy name reminds me 

Of three friends, all true and tried. 
And that name like music binds me 

Closer, closer, to thy side. 
Friends, my soul with joy remembers* 

How like covered flames they start, 
When I fau the living embers 

On the hearthstone of my heart." 

HOW THE " PSALM OP LIFE " WAS WRITTEN. 
It is always interesting to know under what circum- 
stances a poet has framed an immortal poem or sonnet 
or song. As I happen to know something of the origin 
and btrth of many of Longfellow's poems, let me divulge 
a few secrets in regard to them. Tae " Psalm of Life " 
come into existence on a bright Bummer morning in 
July, 1838, in Cambridge, as the poe$ sat between two 
, windows at the umall table in the corner of his chamber. 
It was a voice from his inmost heart and ho kept It 
some time in manuscript, uo willing to part with lu It 
expressed his own feelings at that time, when he was 
rallying from the depression of a deep affliction, and 
he hid tbe poem In his own heart for many 
months. He was accused of taking the famous verse, 
** Art is long and time is fleeting," from Bishop's poem, 
but I happen to know that was not in his mind, and that 
the thought came to him with as muoh freshness and 
orlgluallty as if nothing had been written before. 
"There is a reaper whose name is death " crystallised at 
ouoe, wtthout effort, In the poet's mind, and he wrote 
it rapidly down, with tears filling his ejea as he com- 
posed it. "The Light of tbe Stars " was composed as the 
poet looked out upon a calm and beautiful Summer even- 
mg. exactly suggestive of the poem. The moon, a little 
strip of silver, was lost setting behind Mount Auburn, 
and Mars was biasing in the south. That fine ballad, 
"The Wreck of the Hesperus," was written in 1839. A 
violent storm had occurred the night before, and as the 
poet sat smoking his pipe about midnight by the Are, the 
wrecked Hesperus oame sailing into his mind. He went 
to bed, but the poem had seised him, and he oouidnot 
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eleep. He cot ap and wrote toe celebrated verses. "Hie 
dock was striking three," lie said, " when I finished the 
last stanza." It did not oome into bis mind by lines, but 
by wbole stanzas, hardly causing him aa effort, bat 
flowing without let or hlnderanoe. 

THE ORIGIN OF *%XCELSIOB." 
One of tho best known of all Longfellow's shorter 
poems is "Excelsior." The word happened to catch his 
eye late one Autumn evening in 1841 on a torn pleoe of 
newspaper, and struightway his Imagination took fire at 
It. Taking the first piece of paper at hand, which hap- 
pened to be the back of a letter received that night from 
Charles Sumner, Lougfellow crowded It wltb verses. As 
lint written down, "Exoelator" differs from the per- 
fected and published poem; but it shows In its original 
conception a rush and glow worthy the theme and 
author. On a summer afternoon In 1848. as he was riding 
on the beach, " The Skeleton in Armor" rose as out of 
the deep before him and would not be laid. The story of 
"Evangeline" was first suggested to Hawthorne by a 
friend who wished htm to found a romance upon It. 
Hawthorne did not quite coincide with tbe idea, and 
banded the theme to Lon fellow, who saw at once all the 
essential qualities of a deep and tender idyl. 

It is a delightful tribute to Longfellow's genius that 
all young people delight so in his poetry. They find in 
it a childlike simplicity as well as the essential quality 
of supreme interest. The child detects the imitation 
article quite as readily as tbe .parent, and win pass the 
spurious lyre and accept the real one with a Judgtneut 
that is marvelous. Old and young, the laborer and tho 
professor, alike find occasion for the inspiring words of 
Longfellow which they cannot do without. Every- 
where, anywhere, he is in most perfeot and delightful 
keeping. Toe untaught grace of poetry, the power of 
Infusing the author's mind into the heart of the reader 
Is his, and this endears him to his readers, and will 
endear him to generations yet to oome. 

TUB DETRACTIONS OF CRITIC*. 
One of the commonest and most unfounded charges 
against authoish'p in every age is plagiarism. Now 
nine times out of ten what is called plagiarism is paral- 
lelism. If I were an artist and could palufr like William 
Hunt, I would make a picture which would stand for 
all times of Hercules telling his servant to show a fault- 
flndiug visitor out of the room. It is a great fault in 
anybody who cannot praise easily. Habitual fault- 
finding is an immoral trait In any oharaoter, and a lesson 
we all should learn Is to find out good thines in what we 
see. Longfellow has not escaped detraction any more 
than the rest. The vultures of criticism have hovered 
and pounced on his reputation after their usual manner, 
but no great harm has ever resulted from their attacks. 
Always master of himself and his theme, the poet 
has sailed away out of his detractors' sight and 
quietly let them rave. Longfellow now lives of course 
above the region where the envious critics delight to 
bark and bite. But some of us remember what dissat- 
isfaction was called up when he published a new volume 
of his works. The rats of reputation went on gnawing 
at bis laurels for years, though they proved to be pow- 
erless against true genius and artistic* skill, and the 
true son of the muses went on from strength to strength, 
whi.e these vermin died at last from Inanition and 
neglect. One of his purblind erltlos said he had '• really 
wrlttou some brilliant pieces by accident." 
** Accident, then," I said, "was never bet- 
ter employed. Let us vary our railroad casualties 
with some accidents of the Longfellow type." Z hope 



they still show the little room down In Bowdoin College, 
for it was in that pleasant apartment that tbe young 
poet of 19 wrote many of his early poems. These were 
all published in 1825, during his last year inwsollege, in a 
periodical called The United SUUea Literary Gazette, the 
sapient editor of whloh advised him to cive up poetry 
and buckle down to law. I am very glad that Long- 
fellow did not take bis advice. 

THE FRIEND OF HIS RACE. 

In estimating Longfellow. I see no reason for comparing 
him with anybody eUe. He Is sufflolont in bis own depart- 
ment, and has bis own power and Influence. Tennyson Is 
Tennyson, Wordsworth Is Wordsworth , Longfellow la 
Longfellow. He may not be this or that, but a witter 
should not be Judged by what he is not. What he Is should 
be tbe real question. Negations are not answers, but qual- 
ities in possession are what wMi determine cotem- 
porary ludsment as well as tbe judgment of posterity. 
What a procession of youth and beauty wander in per- 
ennial loveliness through Longfellow's pages. It can 
never grow old or fade away. 

If I were called upon suddenly to prove that Long, 
fellow is preeminently a poet in every sense, in im- 
agination, in artlstio skill, in all the equipmeutof a high- 
born singer, I think I should be willing to select from his 
later pieces the exquisite poem of Sa« latpuoa, whloh 
if you wish, I will read to you. [Mr. Fields here read 
the poem.' 

No English poet-scholar has ever made such mastexly 
translations as Longfellow. D^nte, as rendered by him, 
can be read now in tho very spirit of the crreat Italian 
poet. Now, ]ust what I claim for Longfellow is this: A 
high and honorable plaoe in the pootio and prose litera- 
ture of this century; a rank with the great spirits that 
still rule us from their urns; a name that can never die 
out of the annals of English literature and song; for I 
find in him those priceless qualities of exoeilenee whloh 
the world, having once witnessed, never forgets. Longfel- 
low goes in a straight line to his reader's understanding. 
The highway to the human heart is the one he most 
travels. His verse gives no translation to his reader. 
He is never a satirist, never a trifler, never a soorner, 
but a delineator of fine and tender sympathies, whloh 
makes him the friend of his race. 

It was never truer than now that pootry has its own 
exceeding great reward. And let us never forget, my 
friends, when we are estimating poetry, what Long- 
fellow himself teaches in one of his best and noblest 
efforts, that— """" 

•* God sent his singers on the earth, 
With songs of sadness and of mirth 
That they might teach the heart of men, 
And bring them back to heaven again.' 9 
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THE HORSE IN AMERICA. 



PROF. MARSH'S DISCOVERIES IN FOSSILS. 

ANCESTRY OF THE NOBLE ANIMAL—THE MORMON 
BIBLE CONCERNING HORSES— SKETCHES BY ^RE- 
HISTORIC MAN— THE FAMILY TREE OP THE HORSE. 

(TSOM THE SPECIAL CORRESPONDENT OF THE TRIBUNE,] 

New-Haven, April 18.— Few facte in the history 
of the race have been the occasion of* wider gener- 
alizations than the circumstance that the horse— the 
most important of all the animals which man has 
pressed into his seiTice— was utterly unknown on 
the continent of America at the time of the discov- 
eries of Columbus. Not only tha horse, but all the 
related family— the ass, the zebra, and the quagga— 
were equally wanting. The Western hemisphere, in 
this total deficiency of both its divisions, presents a 
marked contrast to the Old World, since Europe, 
Asia, and Africa are each the native habitat of one 
or more members of this large family. 

But the recent labors of science have opened a 
new page in the horse's history, and have changed 
entirely the scope and nature of the inquiry. It 1b 
now known that in the eras with which geology 
deals, America was not only for countless ages the 
home of the horse, but of an immense variety of an- 
imals of the horse family or nearly allied to it ; and 
in the long series of these varying forms there seems 
to be presented evidence of change, progress, and 
development, which is welcomed by the believers in 
the theory of evolution as supplying many of the 
missing links in the ancestry of the noble animal. 

Foremost among the laborers in this special field 
of research is Prof. O. C. Marsh of Yale College. 
Readers of The Tribune have had descriptions of 
his explorations at the West, and it will be only 
necessary here to summarize them in a few words. 
Almost every Summer for some years past he has or- 
ganized an exploring party, chiefly at his own ex- 
pense, in quest of fossil animal remains in the terti- 
ary lormation in our Western Territories. He 
has met with unexampled success. A 
greater addition of new fossil animal forms has been 
made since this class of explorations was under- 
taken, than during any similar period since Cuvier 
described the extinct animals of the Paris basin. 
A few of the extraordinary creatures which Prof. 
Marsh has identified, have been partially described 
in The Tribune. His expedition last Summer was 
peculiarly rich in discoveries of fossils of the horse 
family. It is to these the present letter relates. 
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SKETCH OP A HORSE BY PREHISTORIC MAN. 

Did the horse exist in America after the advent of 
man, and become extinct between that period and 



the date of the discovery of America? This Is a 
question of more interest than would be at first sup- 
posed. The horse of Europe was probably cotem- 
porary with the earliest man, and there are traces of 
the existence of that animal among some of the 
most ancient relics of the cave-dwellers. In the 
cavern of La Madelaine, Dordogne, Franco, among 
remains of pre-historio man of the flint 
period, the antler of a reindeer was 
found having seven figures of horses carved 
upon it. Coarsely executed though tbey are, there 
can be no question as to what these flint carvings 
were intended to represent. These are horses— not 
asses, nor of the ass family, since the ears are short, 
none of the tails are tufted, and one of the tails cer- 
tainly indicates by its thickness that it had the 
abundant long hair covering it which distinguishes 
the horse. It is not at all likely that the cave- 
dwelling man held the horse in subjection ; it was 
probably one of the animals which ho hunted; a 
kind ox venison among game which included the 
auroch and the cave bear* the reindeer, and perhaps 
the elephant. 




another prehistoric sketch. 
But Brigham Young has hailed the discovery of 
fossil horses in America as an evidence of the truth- 
fulness of the sacred writings of the Mormons. 
Years ago, in a discussion in England, the represen- 
tative of the Mormons was worsted in argument 
upon the point that these writings make the blunder 
of describing horses as existing in America coeval 
with man, but prior to the advent of the Spaniards. 
There may be other instances in the Mormon Bible, 
but the following will serve to illustrate the point: 
The book of Ether describes a period subse- 
quent to the building of the tower of Babel. It 
gives the particulars of construction, under divine 
command, of a number of covered barges, '* exceed- 
ing tight/' that would "hold water like a dish, 9 
each provided with an air-hole in the top, closed 
with a stopper, to be opened when needful for ven- 
tilation. These remarkable vessels were loaded 
with provisions ; a small colony embarked upon 
them, and a strong wind, miraculously provided, 
drove them across the ocean. The voyagers were 
844 days afloat, without light or fire ; but at last they 
reached the promised land, where, it is stated : 

In the space of sixty-and-two years tbey became ex- 
ceeding rich, having all manner of fruit and of grain, 
and of silks, and of fine linen, and of cold an.1 of silver, 
andiof precious things, and aluo all manner of catcle, of 
oxen, and of oows, and of sheep, and of swine, 
and of goats; • * * and thoy also had hones 
and asses, and there were elephants, an d cureloms, and 
ouiuoms ; all of which were useful unto man, and mors 
especially the elephants, and corelotns, and oumoma. 
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Now there is not a trace of the horse among the 
aatiquitiss of the Indian tribes on this continent. 
Mot a legend, not a fragment to mark its coexistence 
with man, in all the records that have been com- 
piled, in all the mounds that have been opened— 
unless the two following incidents be accepted as 
evidence to the contrary: (1) Dr. P. W. Lund was 
the first discoverer of fossil bones of the horBe in 
South America. Ue found in 1841, in a cave in Brazil, 
among otber remains of animals, the greater part of 
the skeleton of a young horse which be described 
as Equut luogeiu, and declared to be identi- 
cal with a specimen found in a another cave asso- 
ciated with human bones. But Owen says, after 
critically reviewing this case, that it affords no evi- 
dence of the contemporaneity of the human and 
equine races in the Brazilian caves. (2) Prof, Marsh 
basin his possession a bone picked up by au explorer 
among the rains of one of the deserted cities of Cen- 
tral America ;it is tho coronary bone of ahorse; i. e., 
the first bone above the hoof. There is no doubt of 
the antiquity of the ruined city; as to that of the 
coronary bone the reader may form his ownjndg- 



AK ASSYRIAN HORSE. 

The omission of all attempts at. depicting the 
horse or any member of the borse family on the part 
of tbeAuioricDn aborigine*, if it were known to 
them, is very remarkable. Tho earlier sculptures of 
the old world frequently introduce the horse: on 
the remains of Nubian tombs and Egyotian temples 
we find this animal carved. An Assyrian horse 
among the bos reliefs of Asburbanipol is not less 
remnrkalile for the elaborate trappings of his 
harness than for his own noble bearing. He is 
every inch a horse. Surely such on animal would 
have left snni'e traces in Indian tradition ; but we 
rend that "When the Cberokees first saw the horse 
bestrode bv De Soto they were as much amazed as 
were the soldiers of Fabricius when they first beheld 
the elephants of Pyrrhus. But they named it in- 
stantly 'the animal with a single finger-nail. 
Modern science has made no better generaliza- 
tion than this uniungnlus.' 1 This is the 
distinctive feature of the race; equally true 
of the horse [J£quu* oabatlut), of the tame ass ( Aiinut 
nigarie), of the wild ass {A. onager) still abundant in 



Mesopotamia, ami almost as different from the do- 
mestic species as a greyhound from a poodle, of the 
zebra {A. zebra) of South African mountnins, the 
qnagga (J. qutgga) and the peetsi ( A. burchcllii), both 
also of South Africa, aud of the kiang {A. hemionae) 
at Thibet. If you claim the transform atiou of 
species, said Cuvier in the early days of the develop- 
ment hypothesis, you must produce, for instance, 
between the poleotherium and tho horse, since the 
former has three toes and the horse only one, an 
animal similar to each in other respects, but hav- 
ing the intermediate number of toes. It is pre- 
cisely this gage, thrown down so confidently by 
Cuvierahalf centnry ago, that the paleontologist 
of to-day is prepared to takenp: but the present 
evidence is far more extended in its scope than that 
which the Father of Paleontology deemed unobtain- 

There is a vast portion of the Territories of 
Wyoming and Utah, which In tho period that 
geologists call the tertiary, contained enormous 
lakes. The oldest of these lakes remained so 
long in eocene times, that tho mud aud sand accu- 
mulated in it by slow deposits to more than s mile 
in vortical thickness. In these deposits Prof. Marsh 
has found the remains of the Orohippus. This ani- 
mal's skeleton resembles thatof the borse more than 
it does that of any other creature of the present day; 
but it was scarcely lariter than a fox. lis skull was 
proportionally shorter than that of the horse, and 
the orbit of the eye was not inclosed behind by a 
bridge of bone. But the remarkable characteristic 
of the Orohippus was that his fore feet had four toes 
and his hind feet three toes, all of which reached the 
ground. 

Above the eocene, in the order of geological de- 
posit, many centuries doubtless having elapsed in 
its formation, themiocenoappearH. A district known 
as the Bad Lands of Dakota, Nebraska, and Colo- 
rado, and another west of the Blue Mountains in 
Eastern Oregon, contain deposits of lakes that ex- 
isted in tbemioceneperiod. In the hitter of these lo- 
calities Prof. Marsh has obtained the remains of the 
Miohippus. It resembles the Orohippus in several 
particulars, but bad this noteworthy peculiarity—it 
had only throe toes in the forefeet as well as behind. 
All these toes reached the ground, and were useful, 
or, at all events, usable. There is no depression in 
front of the orbit of the e 




SKULL OF THE OUCH ITHK RUTH. 

In these miocene lake deposits another animal is 
fouud, closely allied to Miohippus, bat differing in 
having a deep depressslon in the skull in front of 
the orbit. Prof. Marsh has discovered some and 
Prof. Leidy other species of this animal, which is 
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called the Anchltheiinm. It had three toes on each 
foro foot and three on each hind foot ; but ite outer 
toes were proportionally smaller than those of the 
Hloblppus. The Anchitherium and the Miohippus 
were about the size of a sheep. 

Above the miocene formation Is the pliocene. 
Aaain ages have elapsed while this deposit was form- 
ing, and here again we have animals of the horse 
kind. Let, us select two of them for examination, 
the Hlpnarioo and the Protohlppus. Each has three 
toes before and three behind, bat in no case do the 
outer toes tonch the around ; they are like the pos- 
terior hooflets of the modern deer and ox. The ser- 
viceable bnof of each is Btoator than in the preceding 
animals. The skull of each has a deep depression 
in front of the ere. 




MULL OF THX HIPPABION. 

In the FUocene we also And the Pliohippus — or at 
least Prof. Marsh does. It has a deep depression 
nnder the eye. It and the Hipparion about equal 
the ass in bight. The Pliohippus has but one toe- 
that is, its foot is like the modern horse. 




SKCLL OS 



MODERN HOBSB. 



Lastly, at the very top of the pliocene formation 
and just where it is passing into the quaternary, 
for the first time the bones of the true hone are 
found. It eaualedinBuethe horse of the present 
day, andinsome species surpassed it. The existing 
horse baa uo depression in front of the orbit. Occa- 
sionally it has a superfluous hoof hanging about the 

There are many other facta of a similar character 
about these skeletons and those of other cognate 
forms, all indicative of a series, of progression, or 
as the believers in that theory would call it, of de- 
velopment. In respect to the toes the argument 
maybe briefly stated thus: The single-toed hoof 
represents the highest capacity for speed; four toes 
might be useful for support in the marshes, but the 



necessity for speed would sooner or later mate ani- 
mals with fewer anperflnana toes take precedene* 
of the others. The reduction in the number of toes 
may in this manner be dne to the gradual elevation 
and drying- of tbe region inhabited. The struggle 
for existence of the early horse was principally in 
successfully running away from beasts of prey. 
Also, the hoof la a weapon of offense. At the present 
day, if a horse wounded or a mare embarrassed with 
eolt, is overtaken by prairie wolves, the boot is used 
to great advantage, eaoh kick that strikes a wolf 
squarely usually killing it. Nothing could be more 
Inconvenient than superfluous toes in kicking. But 
what is to be done with tbe depression in front of 
the eye I This was developed without apparent 
reason and disappeared equally without reason. Ah, 
there are some things., perhaps, which even the de- 
velopment hypothesis cannot explain. 
Let us tabulate our facts : 




It will be seen that there are yet more worlds to 
conquer. Prof. Harsh lives in the hope of seeing 
the skeleton of the predecessor of tbe Orohippns; 
say with four toes behind and five In front. And 
having got that equine ancestor, be will not be satis- 
fied till, somewhere at the bottom of the eocene, or 
even hack In the cretaceous deposits, be finds lbs 
greatest-great-grandfather of all tbe horses, which 
should be about tbe size of a first-class black-and- 
tan, and should have five well-defined toes on each 
foot, touching the ground. With this fossil in his 
possession. Prof. Harsh would probably be able to en- 
Joy life without going to the Rocky Mountains avery 
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HAVE WE TWO BRAINS 1 

A LECTURE BY DR. BROWN-SEQUARD. 

INSTAXCKS WHERE PATIENTS USED ONE HALF THE 
BRAIN INDEPENDENTLY OF THE OTHER— THE 
LEFT BRAIN PRINCIPALLY THE ORGAN OF INTEL- 
LIGENCE AND EXTERIOR RELATION J THE RIGHT, 
OF ORGANIC FUNCTIONS AND NUTRITION— THE 
NEED AND MEANS OF DEVELOPING BOTH SIDES OF 
THE BRAIN. 
IFROM A SPECIAL CORRESPONDENT OF THE TRIBUNE.} 

Washington, April 22.— The lecture delivered at 
this date by Dr. Brown-Sequard, which attracted a 
crowded audience, was one of the "Toner Lectures." 
As many readers may not recall the circum- 
stances under which that course of lectures was 
established, a statement of the facts will probably 
be of interest. Dr. J. M. Toner, believing that the 
advancement of science— that is, a knowledge of the 
laws of Nature in any part of her domain, and par- 
ticularly such discoveries as contribute to the ad- 
vancement of medicine— tends to ameliorate the 
condition of mankind, determined in 1872 to convey 
real and personal property worth about $3,000 to five 
trustees; 90 per cent of the interest of which was to 
be applied for at least two annual memoirs or essays 
by different individuals, and, as the fund increases, 
as many more as the interest of the trust and revenue 
will, in the judgment of the trustees, justify. The 
essays or memoirs must be relative to some branch 
of medical science, and be read in the City of Wash- 
ington under the name of the Toner Lectures. 
Each of these memoirs or lectures is to contain some 
new truth fully established by experiment or ob- 
servation, and no such memoir or lecture is to be 
given to the world under the name of the " Toner 
Lectures" without having first been critically ex- 
amined and approved by competent persons selected 
by the trustees for that purpose. The trustees are 
the Secretary or chief scientific officer of the Smith- 
sonian Institution (for the time being, Prof. Joseph 
Henry), the Surgeon-General of the United States 
Army, the Surgeon-General of the United States 
Navy, and the President of the Medical Society of 
the District of Columbia. 



THE LECTURE, 
Ladies and Gentlemen : I have to-day to 

pat forward views which, if they have the value that I 
attach to tbem, deserve all your attention. I confess, 
However, that although I have come to a conviction my- 
self, and I am, perhaps, rather difficult in that respect, 
I do not accept easily as proved what is drawn from 
facts. I confess, however, that I feci great embarrass- 
ment, as not only are the facts I have to dwell upon 
new, and not, perhaps, easily to be accepted, bat 
besides they require for their full understanding a Knowl- 
edge of medicine, whioh probably does not exist anion* 
many of my hearers. However, I will try my best to 
render the subject as clear as possible, even to persons 
who know nothing about medicine. 

EVIDENCE THAT WE HAVE TWO BRAINS. 

As you perhaps know, the subject is this, putting it in 
an interrogative way, Have we two brains or one f And 



if we have two brains why do we not educate both of 
them* 

As you will see by these questions, if the first is de- 
cided negatively, of course there is no reason for the 
leoture. The very fact, therefore, that I am in your 
presence to speak about an hour on that subject. Implies 
that I have come to the conclusion that we have two 
brains, perfectly distinct the one from the ottar. There 
are views held in science in that respect altogether 
different from mine. They consist in admitting that the 
left side of the brain is the only organ serving to the 
movement and feeling of the right side of the body, and 
vice vena, the right side of the brain is admitted to be 
the only organ serving to volition and to sensation for 
the left side of the body. This view I will have first to 
disprove. 

Beginning, however, by what relates to the noblest 
functions or the brain— that is its aptitude to serve in 
mental phenomena— I shall say at once that I am cot 
the first to put forward the view that we have two 
brains. Long ago Sir Henry Olan, who died some time 
ago, and Dr. Wlgan, and a few others, insisted on the 
fact that eaoh side of the brain is perfectly sufficient for 
the full performance of the mental functions. But tliey 
stopped there, and they have left to t others, therefore, 
to go further, If we have to go further. I shall say that, 
taking that view, that In realitv we have two brains, 
there is a conclusion which flows oat from it, and which 
—although I shall have to speak of is more at length by 
and by— I roust now say a few words upon. It Is 
quite ceitain that if it is so. as we make use or only one 
for most of our actions, we leave atride one-half of the 
total mass of brain matter, and, therefore, wo leave 
quite useless one-half of the most important of our 
organs as regards manifestations of intelligence, will, 
and perception of sensation. If this statement is right 
you will easily understand how important it is to come 
to the point which I have in view in this leocure : that is 
that we ought to give education to the two sides of the 
brain, or, rather, to the two brains. 

As regards intelligence, it is hardly necessary to insist 
after what has been said by the physiologists I have 
named, Sir Henry Olan and Dr. Wigan. They both 
showed that there are a great many facts which conclu- 
sively prove that either half of the brain may starve 
equally intellectual functions. It may be, however, 
that their proofs were not sufficient. One of the two. 
Dr. Wigan, has Insisted upon a feature of great interest, 
whioh is that in insanity sometimes, and I may say very 
frequently without any insanity, we have two different 
views on the same subject. There are a great many 
people who labor through lire under the difficulty 
of making up their minds. It is because they have two 
minds unfortunately. Better would it be for them to 
have only one, and I hope you will not conclude at once 
that what I am to preach here— that Is, that we are to 
educate our two brains— ought to be laid aside on ac- 
count of the danger of leading men to have two minds, 
and to be all the time hesitating between two views and 
two conclusions and two opinions and two decisions. I 
think I shall be able to prove that the fault In those In- 
dividuals who cannot make up their mind is, on the con- 
trary, dependent in a measure on the fact that they 
have not developed sufficiently the power of their two 
brains. 

INSTANCES OF THE SEPABATB USB OF THE HALVES 

OF THE BRAIN. 

Anyhow, Dr. Wlgan especially Insisted upon those 
facts which we observe in insanity, that a patient knows 
he is insane ; he knows that he has insane ideas ; he will 



80 



'Tribune Extras— Lecture and Letter Series. 



put them forward and immediately after having put 
thorn forward he will say : " I know they are insane." 
He is perfectly right, perfectly rational, while at the 
same time he la completely insane. Dr. Wigan has con- 
cluded, without any positive demonstration, that in 
those cases one-half of the brain is normal and the other 
half is wrong; one-half is employed in the mental facul- 
ties in a normal way ; the other is employed as regards 
the mental faculties in quite a wrong way. But there 
are oases which are more interesting, per- 
haps, and which. I think, fall more dearly 
under that view, that there are two brains. 
I saw a boy, for instance, at Nottingbill, in London, 
once, who hud two mental lives. Iu the course of the 
day, generally at the same time but not constantly, his 
head was seen to fall suddenly. He remained erect, 
however, if he was standing, or if sitting he remained in 
his position ; if talking he shopped talking for a while ; if 
making a movement he stopped moving for a while, and 
after one or two minutes of that state of falling for- 
ward or drooping of the head— and he appeared as 
if falling asleep suddenly, his eyes closing— Immedi- 
ately after that his head started np, he opened his 
eyes perfectly bright, looking quite awake and 
then asking if there was anybody in the room whom 
he had not seen previously, who the person 
was, and why be was not introduced to him ; 
being all the time In that state quite different from the 
state of wakefulness. He had seen me a great many 
times, and knew me very welL Being with him once 
when oue of those attacks occurred, he lifted his head 
and asked his mother, "Who is the gentleman I Why 
don't you introduce him to mel" His mother intro- 
duced me to him. He did not know me at all. He shook 
hands with me, and then I had a conversation with him 
as a physician may have with a patient. In another in- 
stance, when with him again, when he had the same 
kind of an attack, I found that he recognized me fully, 
and talked of what we had spoken of in our first inter- 
view, I ascertained from what I witnessed in those 
two instauces, and also and chiefly, I may say, 
from his mother, a very intelligent woman, 
that he had two lives in reality, two mental lives, one 
in his ordinary state, and another occurring after that 
attack of a kind of sleep for about a minute or two, when 
he knew nothing of what existed in his other life— In his 
ordinary life; that was all a blank. He knew nothing 
during that second staro but what bad occurred in pre- 
vious periods of that same condition, but he knew full 
well all that had occurred then, and his recollection of 
everything was as perfect then as it was during his or- 
dinary life couoeruing the ordinary acts of his life. He 
had, therefore, as I have said already, two absolutely 
distinct lives, iu each of which he knew everything that 
belonged to the wakeful period of that life, and in 
neither of which did he know anything of what had oc- 
curred in the other. He remained in that state of attack 
for a time which was extremely variable, between one 
and three or four hours, and after that he fell asleep, 
and got out of that state .of mind pretty much in the 
same way that he had got into it. I have seen three 
other oases of that kind, and as so many have fallen 
under the eyes of one single medical practitioner, suoh 
oases oannot he extremely rare. 

SPEECH NOT ALTOGETHER DEPENDENT ON ONE SIDE 

OF THE BRAIN. 

Aa regards the faculty of speech, the fact that we 
have two brains perfectly distinct, one from the other, 
U not, perhaps, so easily proved as it may be as regards 



the man. We well know that a lesion In on*-ha1f of the 
brain, the left side of the brain, will produce loss of the 
faculty of expressing the ideas by speech ; that that be- 
longs almost exclusively to the left side of the bratr, 
but the very fact, I may say, that the loss of the faculty 
of expressing ideas by speech depends on a disease in 
the left side of the brain— that fact is itself 
a proof that the left side of the brain 
is quite distinct from the right aide of 
the brain, that it is in fact a brain in itself as regards 
that function of the organ we call brain. Therefore the 
fact which is perfectly well kuowu, that out of one 
hundred cases in which the loss of the faculty of 
expressing ideas by Bpeeah existed, there is only one— if 
one— in which the disease was to be found in the right side 
of the brain— that fact is extremely important iu show- 
ing that the two sides of the brain may aot independ- 
ently one from the other. I shall have to return to this 
by and by, as much of my argument depends on this 
point. 

As regards sight, a theory has been put forward by a 
celebrated philosopher, Dr. Wollaston of London, which 
has been admitted by a great many physiologists, 
although no one has admitted it without some reluc- 
tance. But as there was no better theory put forward, 
that one was received as being at least probable if not 
demonstrated. Wollaston had the view that the right 
side of the base of the brain is the center for sight in the. 
two right halves of the eve. The right half of the right 
eye is of course the one to the right of it, and the right 
half of the left eye is the one nearest to the nose. The 
inner half I should say of the left eye and 
the outer half of the right eye have 
for their center, according to that view, the 
right side of the brain and vice ver$a the left side of the 
brain would be the center for sight in the left or outer 
half of the left eye and the inner half of the right eye. 
There is therefore, according to that view, a condition 
which is qnite peculiar. If we admit it for a moment 
then we ought to find that a disease in the left of the 
brain at the base must destroy only one half of the 
power of sight, and objects then if seen are seen in one 
half. Suppose a man to be looked at there would be 
visible, if it is the left side of the brain which is affected, 
only the right half of the body. Wollaston himself had 
that trouble. One day trying to read the name 
of an instrument, the barometer, he read 
•• meter" only; the other part of the word, 
*' baro," he could not read. Another eminent friend 
living in France, Professor Agassis, had the same 
trouble. He saw one half of certain objects. And a 
good many patients who are affected especially with 
certain disorders of movement and with diabetes have 
also that trouble, they see but one half of objeots. 
There are, therefore, oases which seem to be in favor of 
the view. But continuing to review what ought to 
take place, we find that it the disease exists only in a 
small part of the left side of the brain, in that portion 
which serves to sight, we ought to find that then only 
one half of one eye will be affocted. There are suoh 
cases. If it is the other part of that same hair of the 
base of the brain which is anVcted, then it Is only one 
half in the other eye whloh should be affected. Then 
are also facts of that kind. 

So that there are three kinds of facts whloh seem to 
support the view of Wollaston. But what of that! We 
philosophers do not accept conclusions because there 
are facts which support them. We accept conclusions 
when all the known facts are either In perfect harmony 
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os elearlv prove the conclusion; and also when there is 
no fact tbat seems to be in opposition. It is requisite, 
therefore, either that all the facts prove In favor of the 
theory, or chat together with a number In favor there is 
none at all in opposition. Such Is not the case here. 
There are a great many facts which show that a disease 
In one naif of the brain will produce complete loss of 
sight of the two halves of one eye, either on the same 
side or ou the opposite side, or the two halves of both 
eyes. Therefore there are three series of facts, and one 
only would be enough, whloh demonstrate that the 
theory ought to be refected. 

VISION AND THE HALVES OF THE BRAIN. 

But as regards sight we find this, and it is a point of 
importance lu this lecture. We find that a disease any- 
where in one-half of the brain can exist without any 
alteration of sight at all. A disease existing in that 
part where the optic nerve goes into the brain, destroy- 
ing that part altogether, may not be a cause of loss of 
sight; so that one optic tracs alone may be perfectly 
sufficient for the functions of (he two eyes. Therefore 
I conclude that it is quite enough to have one brain to 
have our power of sight ; and as it is so for each half of 
the brain. I can conclude — and this is a point of import- 
ance in this lecture— »I can conclude tbat each half 
of the brain is independent of the other and each 
of them possesses the powers of serving to the sensa- 
tions of sight. Tou will ask how is it that a disease in 
certain cases in the brain will produce loss of sight, and 
that a disease m the same part sometimes will not pro- 
duce loss of sight. As regards that I cannot develop at 
length what I would have to say, but if some of you 
were present at my lecture in this city last year and 
some of you present at the Academy of Sciences to-day 
are here, they know that an alteration in any part of the 
nervous system, whether in the brain or elsewhere, can, 
by producing an irritation, act on other parts, so as to 
produce the loss of a function of those other parts : 
and so it is about sight particularly. In 
many experiments I have ascertained that injuring 
a small part of the spinal cord produces a loss of sight 
in the eye on the same side. An injury to the medulla 
oblongata a little higher than the part of the spinal cord 
which produces loss of sight on the same side, will pro- 
duce a loss of sight, but to the opposite eye. There is, 
therefore, a power of producing by irritation a loss of 
sight; and indeed there is nothing more common in chil 
dren having worms in their bowels than a diminution 
in the power of sight for a time, or some trouble in the 
power of sight— some change in the iris, some 
change in the vessels of the eve, in fact 
some disorder in the organs serving to vision. 
Well, it Is in the same way that an Irritation existing in 
certain parts of the brain will produce at a distance 
from the place where It exists, a loss of the 
function of sight. The oases that oan serve 
are, therefore, not those in whloh we find that the dis- 
ease exists— the loss of sight exists when there is a dis- 
ease somewhere. The cases that can serve positively 
must clearly bring us to a conclusion ; as those, on the 
contrary, which establish that an injury in any part or 
one-half of the brain— oven in tnat part whiok receives 
the optlo track— oan exist without producing any loss 
of sight : and that fact has been observed— not very fre- 
quently, but more than five or six times to my knowl- 
edge — and in those cases in the most decisive manner. 
Therefore the conclusion I have drawn is quite estab- 
lished. Either half of the brain may serve to the power 
of sight. 



THE VOLUNTARY MOVEMENTS. 

Now, as regards the volitional movements, the volun- 
tary movements, if you like to call them so. Those 
movements, as you well know, have been considered at 
depending on each half of the brain for one-half of the 
body. Still, many physiologists have ascertained that 
there are muscles in our system in the neck, in the eye* 
in the throat, and in the back also— there are many 
muscles— which escape paralysis when there is disease in 
one-half of the brain ; and for those parts at least some 
theory has been imagined to try to explain bow it was 
that the left half of the brain, for instance, is not the 
regulator of the movements In the right side of the 
body. I shall pass over tbat theory and come to the 
point of importance in the objeoc which I have In view. 

As regards volitional movements, there are cases on 
record which leave no doubt that either the anterior 
lobe of the brain, the middle lobe of the brain, or the 
posterior lobe, the three essential purls of the organ, 
oan be destroyed and voluntary movements not be In- 
terfered with at all ; but still more, there are oases— noc 
many, but a few— chat exist and are decisive. They 
have been recorded by the most accurate observers, and 
some of them in hospitals where there were many medi- 
cal men and many students, so that there cannot be a 
doubt about them. There are mauy oases— perhaps 
the word " many " is too strong, but there 
are at least seven or eight to my knowl- 
edge—of the destruction of the whole hatf 
of the brain without any interference with the voluntary 
movement. Therefore we are not to look upon oue-half 
of the brain as being necessarily the organ serving to 
the movement of the body on the opposite side. And 
also another conclusion ; we are to look upon one-half of 
the brain, in some individuals at least, as being able to 
control voluntary movements in the two sides of the 
body. If so, certainly the point I have In view— that is, 
that we have two brains— is established as regards vol- 
untary movements. We have certainly two brains as re- 
gards voluntary movements; and if it is fouud in most 
oases that even a slight injury limited to a small part of 
the brain will produce a paralysis on the opposite side, 
or sometimes on the corresponding side— If that is 
found, it is on acoount of this principle which I men- 
tioned a moment ago ; that is, that an irritation in any 
part of the brain oan affect functions in other parts 
through irritation. And I shall say about voluntary 
movements what I have said about sight, and a worm in 
the bowels, as well as an irritation In a tooth, or an irri- 
tation in the etomaoh, an irritation in the lungs, an irri- 
tation in phe heart, an irritation in the skin ; in other 
words, an irritation wherever there Is a nerve subject 
to be irritated; an irritation there cau produoe 
a paralysis as well as an irritation in a part of the brain. 
Aud therefore when we see a slight alteration in a very 
limited part of the brain oaose a complete paralysis on 
the oppoilte side of the body, wo aro not to conclude 
that it is owing to the Ions of function of voluntary 
power there where the disease exists in that small part, 
but that it depends or 1c has been brought on by an ir- 
ritation starting from the place where wo seo the dis- 
ease, and aoting upon remote pares so as to produce the 
loss of the function. The mere fact, I may say, that a 
disease exceedingly limited in extent can produce a' 
complete paralysis In the opposto side of the 
body, is sufficient to show that it does not depend on the 
loss of tho funoMon of will ; for one-half of the body 
cannot locate in a very limltod part of the brain the 
whole power of the will located in that brain. If II 



83 



Tribune Extra*— Lecture and Letter Series. 



Were the other side of the brain wbich produced that 
complete paralysis, If we found that paralysis is more 
or less extensive, more or less durable according to the 
extent of the disease in one-half of the brain, then we 
might conclude that the disease has destroyed the 
power of will in that half of the brain, and 
thereby produced the loss of voluntary move- 
ment on tbe opposite side. But it is> not 
what we see. We see that the lesion which has destroyed 
one half of the brain may allow voluntary movement, 
but a lesion which is not larger than a pea in any one 
part of the brain can produce a loss of voluntary move- 
ment. Therefore we are to admit that when the 
paralysis of movement comes in connection with disease 
of one half of the) brain, it depends on an influenoe 
starting from the place where the disease is actio* upon 
remote parts so as to produce a cessation of activity 
there, and a paralysis therefore. 

SEAT OF THE FACULTY OF SENSATION. 
There Is the same reasoning to be made as regards 
perception of sensation. There also we find the same 
thing. I shall not Insist on that point therefore. We 
know a thousand cases of disease occupying one-half of 
the brain that has not produced the slightest alteration 
in the power of feeling. But, if it is so it remains to be 
explained how it is, however, that the two halves of the 
brain come to be • somewhat different, and that the 
physiological and pathological study cof the two halves 
of the brain Indicates great differences in that respect. 
If we pass in review what is known, we find very great 
differences indeed. Those differences depend on the 
fact that through the fault of our fathers and 
mothers, the faults that weigh upon us and have led us 
to make use of only one-half of our body for certain acts, 
and one-half of our brain for certain other acts also— we 
find that it is owing to that defect in our education that 
one-half of our brain Is developed for oertaio things, 
while the other half of the brain is developed for other 
things. As regards what belongs to the left side of the 
brain compared with the right side of the brain, allow 
me to say the most important feature in its physiology 
or pathology is what a French physician 
has discovered. It is, as I have said 
already, that to that side of the brain belongs 
the faculty of expressing ideas by speeoh. Besides, that 
mental faculty of speeoh tbe left Bide of the brain pos- 
sesses in a much more marked degree than the right the 
power of moviug the tongue and larynx aud muscles of 
the ohest to produce tbe sounds of artloulate voice. Ar- 
ticulation of sounds in speech in a great measure de- 
pends on the left side of the brain. I mean by the words 
"in a great measure " that it is chiefly the left side of 
the brain which has the power of acting upon those or- 
gans. So that more frequently in oases of disease of the 
left side of the brain do we find the dlfflonlty in tho 
mechanical part of the speeoh than in oases of disoase of 
the right side of the brain. But that, although mechan- 
ical* is something like a gesture. There is a mental sign 
in it. and although it is a mechanical thing in itself, I 
cannot bur. considor it as representing some mental 
trouble. 

MEMORY, NOT MUSCULAR POWER, LOST. 

My pupil and assistant in London, who has become a 
Very eminent man since. Dr. Hewling Jackson, bus also 
Insisted ou that point, that it Is' the memory of direction 
of movements of the muscles which serve to artloulate, 
which is lost, and not the mere power of moving the 
muscles of the tongue, larynx, or ohest. I have bad proof 
of It In a great many instances, that, when told to do so, 



the patient could move the tongue In any direction, 
could move tbe larynx and utter sounds very well, but 
oonld not artloulate, so that it was the mental 
part of that mechanical act— the mental part 
of which was altered, and not purely a 
mechanical action lost. The left side of the brain is 
also the one that leads in gestures and that by a very 
simple reason, which is, that it is the left side of the 
brain which leads chiefly the movement of the right 
arm, and it is chiefly with the right arm that we make 
our gestures. Still, it is likely, as pathological facts 
show, or at least appear to show, that even the motion 
of the left arm depends on tbe left side of the brain as 
regards gestures, as we find that in patients who have a 
disease of the right side of tho brain the faculty is lost 
of making gestures with either tbe right or the left arm. 
That of course, shows, or at any rate seems to show, that 
the left side of the brain is the organ for gestures chiefly. 
In a few oases, however, of disease of tbe right aide of 
the brain, the power of making gestures has been lost as 
well as in case of disease of the left side of that organ. 

As regards the power of writing, there is a difficulty 
there, as you will early understand. Still there 
are many facts which show that the power of 
writing can be lost more easily, and is lost more fre- 
quently in cases of disease of the left side of the brain 
than in oases of disease of the right side of the brain— a 
difficulty which many of you have understood without 
my mentioning 1U We conclude that the right arm Is 
not rarely paralysed in diseases of the left side of the 
brain, and 8S we write with tbe right arm, it la very 
natural that, on being paralysed, we cannot write; but 
very few patients have lost altogether the movements 
of the Angers, and cannot form the least sign, though 
many of them cannot at all form a letter. They will bo 
able, however, if they have a letter written by some one 
whose handwriting is not very much different from 
theirs (and sometimes when It is different), they will he 
•able to Imitate what is under their eye, but they cannot 
from memory write anything ; at all events, they cannot 
express ideas by writing. They are attacked with what 
is called the agraphia— that is, a loss of the fuculty of 
expressing ideas by writing. In many of these oases of 
patients attacked with agraphia there Is a perfect power 
of mbvlng tbe right arm. The arm is not psralysed in 
oases where the left side of the braiu is paralysed; there 
is no paralysis on the right side of the body or too left ; 
no paralysis anywhere. In these oases, It has occurred 
sometimes that the patient could not write at all ; so 
that tt is clear that the loss of the faculty of expressing 
ideas by writing does not depend on the paralysis which 
in these oases had no existence. 

INTELLECT MOST DEPENDENT ON THE LEFT SIDE 

OF THE BRAIN. 

Another thing depends on disease of tho left side of 
the brain more than the right side of the brain, and that 
is intelligence. Alterations of the mind manifesting 
themselves in the various forms of Insanity depend more 
frequently, I should say, on diseases of the left side of 
the brain than on diseases of tbe right side. This is all 
I know now which belongs to the left side of the brain. 
Tbe right side of the brain is quite different. Fi-om at! 
that I have stated about the left side, as you will see, 
that organ is chiefly the organ serving tbe mental facul- 
ties, either in speeoh, or in intelligence, or In gesture, or 
in writing. That organ, therefore, is the 
important organ In our system adapted 
to the life of communication between ourselves and our 
brethren in a mental way. But the other organ— the 
right side of the brain, in some individuals, as you will 
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set, has tbe power of this one, and in all perhaps it 
might have had if the proper development had taken 
plHoe ; but this other serves con trail ly to the first one. 
The right side of the bruin serves chiefly to emotional 
manifestations, hysterical manifestations included, and 
to the need* of the nutrition of the body In various 
parts. There 1b, therefore, taking a large view of the 
differences between the two brnlus, this difference, that 
one of them— the left— serve* to what we call the 
life of relation, while the riff lit serves to what 
we call the organic life. This view, which I 
had put forward already five or six years ago, 
has begun now to receive demonstration from several 
physician*, and I am therefore the more emboldened in 
maintaining the correctness of that view of mine. The 
right side of the brain is remarkable in producing 
alterations of nutrition either in limbs , that are 
paralysed, or in the hack. It is perfectly well-known 
that a nnmber of patients die every month iu every 
large city of ulcerations taking place ont the nates or on 
tbe waerum coming from an irritation of the brain. 
These patients are more numerous among those 
attacked by disease in the right side of the 
brain than among those attacked with disease in 
the left side of the bralu. Either oodema or 
jed sores, either one or the other of those 
\wo kinds of ulceration Is more frequent in 
cjsps of disease of the right side of the brain than in 
eases of the left side. Tbe proportion is considerable. 
It is as two-thirds for the right side of the brain and 
one-third for the left. There are many other points 
which show the same thin*. An ulceration in the lungs, 
an ulceration in the liver, a hemorrhage for instance 
and sudden inflammation— all these disturbances can 
take place under an irritation of the brain as I have 
shown; but in these cases it is chiefly the right side of 
the brain that has the power. 

I have already said that hysterical and emotional 
symptoms are more common In oases of disease of tbe 
right side of the brain. This has been established 
already bv a good many physicians— Drs. Brequet and 
Du Floret and a good many others, and myself. We 
have collected cases of paralysis in one-hnlf of tbe body, 
caused by hysteria, and this proportion has been found ; 
but of 121 oases of paralysis caused by hysteria (a paral- 
ysis which is usually merely transient, and very rarely 
lasts long)— in 131 of these cases there was disease of the 
brain on the right side 97 times, and disease on the left 
tt times; so that the right side predominates in this 
class of affections. That paralysis exists on the left side 
of the body more frequently than on the right side you 
well know, and, as it h fleets chiefly the right side or the 
brain, it affects chiefly the left side of the body. 

6JDE8 OF THE BRAIN UNEQUALLY DEVELOPED. 

Now as regards other points, my pupil. Dr. Jnokson, 
has ascertained that an Inflammation of the retina pro- 
duces amaurosis more frequently in both eyes from dis- 
ease of the right side of the brain than the left side. 
Convulsions of the eye take place very frequently in 
oases of disease of the brain. I have ascertained in 
taking up the cases published by Dr. Prevost, Dr. Char- 
mel, and many others and myself— I have ascertained 
that out of 09 oases in which these convulsions of the eye 
occurred there were 47 due to the disease In tbe right 
side of the brain, and ?2 due to disease in the left side of 
the brain. Therefore there is a great difference between 
the two sides of the brain as you will see. It is so as 
regards general convulsions. Collender aud myself have 
shown that general convulsions will occur much more 



frequently in esses of disease of the right side of the 
brain than in onses of disease of the left side. I have 
ascertained that both will occur far more frequently 
in cases of disease of the right side of the Vain than in 
cases of disease of the same extent and the same location 
in the left side of the brain. Not only disease m the 
right side of the brain will have tie greatest power in 
that respect, but it will abm, if the patient does not die, 
produce a more marked paxalvsis ; it will produce, also, 
a more extensive paralysis and a more durable one. So 
that, as regards decree, as regards extent, as regards 
duration of tbe paralysis, tbe right side of the brain is, 
by far. worse than the left, showing again that that side 
has the greater power of nutrition. There are a good 
many other points showing a difference or the same 
kind. I pass them over, as time presses. There is, 
therefore, as you will see, a radical difference be: ween 
these sides of the brain. But now this depends, as I 
have said already, not upon the fact that the two sidss 
of the brain are verv different originally, but it depends 
on development. Every organ whioh is put in use for a 
certain function gets developed, and more apt to per- 
form that function. Indeed the organ in sise shows it. 
The left side of the brain, whioh is used most in our 
system, is larger than the right side of the brain. The 
left side of the brain besides receives a great deal more 
blood than the right side of the brain, because it has a 
preponderance in our system, and every organ that acts 
much, receives more blood. As regards the iuilu- 
ence of action on the braiu. there Is a fact whioh 
hatters know very well. If a person Is acoustome J for 
many, many years from adult life— say from 20 up to 40 
or more— to go to the same hatter, the hatter 
will And after a time that he has to enlarge the 
hat of his customer; and. Indeed, a person advance! In 
life, even having passed 66, as your lecturer has, has a 
chance to observe such a change. There is no period of 
six months that has passed that I have not found that 
my hat, if neglected and put aside, became too sm.ilL 
The head, therefore, growing. Is very Strang proof that 
the brain grows also. Action, therefore, is a mean* of 
Increasing size, is a means of development; aud 
I have no doubt that a good many among you 
have observed that after they pay great attention 
to a subject, they have not only acquired knowledge on 
that subject, but become much more able to solve ques- 
tions relating to that subject— that they have developed 
the part of the brain which has been used for the acts 
that they have performed, aud that part has become 
far more able to perform Its functions. This Is perfectly 
well shown by everything in our system. We well know 
what a power a pianist oan have, If that pianist con- 
tinues to exercise his fingers and brain on the piano. But 
such a pianist neglecting to perform the acts that he 
was accustomed to perform before, it is very soon found 
that there is a defeoL We must go* on, therefore, exor- 
cising tbe organs in whioh we desire to have the great 
activity of life. There is no doubt, therefore,, that the 
left Bine of the brain, as Is shown by its great enlarge- 
ment compared with the right side, and aula shown also 
by the quantity of blood that it receives^ that, organ is 
the one which is predominant in our system* But our 
being rlght-hauded. shows it ulso. 

RIGHT-HANDEDNESS NATUBAL TO MEN AND ANIMALS. 

It is quite oertaln that nght-handedoea* depends 
something on nature. As you well know, the wildest 
populations in the world are right-handed, as we are. 
There is no population anywhere in the world that has 
not been fdund right-handed. There is therefore in man 
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a cause which makes the right *ldo of the body to be se- 
lected as the ooe to be used the most, and together with 
that right side of the body the left side of the brain, 
which usually moves that right side, is Increased con- 
siderably in power and In size. Tlfrre is, therefore, a 
development given through some natural oauno primi- 
tively, but a development given to the left side. We find 
that Individ uals who are left-handed make use of the right 
side of the brain, and when they become confused— when 
they lose the faculty of expressing ld<»as by speech— it is 
the right side of the hrnln that is affected, showing the 
connection between the development of one-half of 
the brain In the use of one arm, and the development of 
that same half of the brain in the faculty of expressing 
ideas by speech. There is therefore a connection be- 
tween these two things, and on that point I shall dwell 
a little more in a moment. There is primitively a differ- 
ence between the two brains, and Proressor Oracciola 
has discovered in ohildreu the second convolution— the 
convolution of the left side of the brain— is developed 
quicker than the convolution on the right side. That 
may be in a measure owing to hereditary traits, I must 
say, but at any rate as there is an evidence that there 
is a natural tendency to make use of the right 
arm, it is certain that a part of that 
ability of development on the left side is due to some- 
thing natural— that something natural will be found, if 
it is examined, in the greater supply of blood to that 
part. Even parrots and birds show something very in- 
teresting as regards right-handedness. Parrots perch 
only ou the right leg, or mostly only on the right leg. 
Very few parrots out of 20 taken at random perch on 
the left leg, according to what Dr. William Ogle ascer- 
tained after having examined a great number of them. 
Parrots of course *are known to have something like 
speech— a parrot's speech of coarse. It is perfectly well 
known that the mechanical part of speech belougs to 
them, and It Is remarkable that their left brain receives 
also more blood by far than their right brain. 
There is therefore a relation between all these things in 
the development of the right side of the limbs and the 
amount of blood reoelved by the left side of the brain. 
There is anothei point of importance. Prof. Broadbent 
and others have found that in the left side of the brain 
the mass of gray matter is greater and there are more 
convolutions than in the right side of the brain. 

A REVIEW OP SOME POINTS DEMONSTRATED. 

Now we come to four points of great Importance for 
this lecture. They are the vital points. I may say, in the 
argument I have discussed here. The first of these 
points I have already spoken of. Tt is, that we find that 
.agraphia is connected with the left side of the bruin in 
persons who are right-handed, and with the right side o* 
the brain In persons who are left-handed. This cer- 
tainly, is a very strong argument to show that the side 
ol the brain which serves the motton of one side of the 
body, that side— if the side of the body the one which 
leads, is the most important of the two— that side 
of tho brain then is the one that serves chiefly to 
the mental life in our system. The meutal life of onr 
system, therefore, seems to be developed considerably 
in the organ whioh Itself seems to be developed in a 
great measare owing to tho action of will In one-half of 
the body. There is certainly a connection between 
these things, but that will come out more by and by 

The second point is, that in children who have not yet 
learned to talk, or who have already learned only a 
little, if disease comes in the left side of the brain, the 
one, I repeat, which is the most rapid in Its development 



usually. If disease comes to produce atropbr. M 
that the left side of the brain becomes useless, those 
children then learn to talk Just as well, or nearly as 
well, as if they bad no each affection, and they learn It 
with the right side of the brain, whioh is the only one 
acting. They were not born (the most of them, if not 
all of them, if there is any exception I don't know it) of 
parents who wero left-handed, and there was 
no reason for their being left-handed. They had the 
misfortune of losing the half of the brain which 
served usually to the mental faculties, and other men- 
tal faculties got developed— the power of speech and 
action— and they make use of the left arm then Just as 
well as any one of the right-handed people makes use of 
the rbrht arm. There is in these facts clear proof that 
the right side of the brain can be educated to become a 
leador in mental faculties as well as the left side of the 
brain. There is a clear proof that the right side of the 
brain can lead movements and obtain execution with 
the left arm. Just as most people who are right handed 
obtain execution of movement with their right arm. 
These facts, therefore, are decisive in favor of the view 
that I have for my object In this lecture. 

The third point of importance is that with a given 
number of individuals, out of 100 examined by Dr. fa 
Ogle, who were left-handed, four only had learned to 
write with the left arm. They had been taught by their 
parents, although they were left handed, to make use of 
the right hand to write, and their writing with the left 
arm was very olumsv, the author states. la one of the 
cases he had to hear what the patient had to say; the 
patient being paralyzed In the left hand he oould not 
have the proof; but in the others he had the proof, and 
could see. Therefore, the loft side of the brain, even In 
persons who are left handed naturally— even In persons 
who make use chiefly of the right side of the brain— the 
left side can be educated so as to produce a very gooi 
handwriting instead, and better than tlft writing by the 
left arm. 

The fourth point of importance is one on which I s^iall 
not dwell, as it 1 m pi tes a knowledge of medicine that 
you have not. but I shall state it in only a few words. It 
is exceedingly rare that the leg is affected to tho same 
degree by paralysis as tho arm, and the leg as you well 
know, is not a part which we develop as much in Its 
movements as we do develop the riant arm. If a patient 
is struck with paralysis, for instance, on the right side 
of the body, owing to a disease of the left side of the 
brain, he will lose more, if he does lose movement at all 
—he will lose more of it In the right arm which be has 
been accustomed to train than in the right leg. Bit, I 
repeat, that that argument cannot be understood well 
except by medical men. I pass It over therefore. 

There is no reason whatever to object to one teaching 
children to make use of the two sides of the body. If 
yon have been convinced by the arguments I have given 
that we have two brains, it Is clear thac we one lit to de- 
velop both of them, and I can say, at any rate, as much 
ne this, there is a chance— I would not say more, but at 
least I can say there is a chanoe— that if we develop the 
movements of the two sides of the b»dy, the two arms 
and the two legs, one Just as much as the other, there is 
a chance that the two sides of the brain then will be 
developed as regards the mental faculties, one aa much 
as the other. 

HOW TO DEVELOP BOTH SIDES OF TOE DRAIN. 

The facts that I have brought forward, the last espe- 
oially— what I have ealled the four points of importance, 
and particularly the three first, show that there is a eon- 
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oection between the development of the brain as regards 
tbe mental faculties, and the development of tbe brain 
as regards leading movements in one side of the body. 
There Is a great chance, lib ere fore, that If we give a good 
deal of attention, or, better, as much attention to tbe 
left side of our body as we give to the right, there Is a 
great chance that we would have two brains as regards 
mental function*, instead of one as we have now. There 
Is no doubt that we oan Improve the two nides of the 
body constantly. The facts I have mentioned as 
regards those children having atrophy • on the 

left side of the body, do not leave 
room to doubt. It is clear we oan develop 
the left side so as to make it exercise all the functions 
which exist in most of us in the left side of the brain, 
and If so In cases of atrophy on one side of the brain, 
why not so in cases in which we have two brains f I 
thine, therefore, the important point should be to try to 
make every child, as early as possible, exercise the two 
sides of tbe body equally— to make use of them alter- 
nately. One day or one week it would be one arm which 
would be employed for certain things* such as writing, 
cutting meat, or putting a fork or spoon in the mouth, or 
In any of the other various organs in which noth the 
hands and the feet are employed. In this way it would 
be very easy indeed to obtain a great deal, If 
not all. We know tbat even adults can eoine to 
make use of their left arm. A person who has lost his 
right arm can learn to write (with difficulty, it is true, 
because in adult life it is much more difficult to prod ace 
these effects than In children), and the left arm can be 
used In a great variety of ways by persons who wish 
to make use of it. It is perfectly well known tbat the 
left arm is employed in playing on the piano or on cer- 
tain other instruments almost as well as the right arm. 
Therefore there is no difficulty In training children to 
make use of both sMes of the body equally. 

There is also another faot as regards the power of 
training. Even in adults who have lost the power of 
speech from disease of the left side of the brain, it is 
possible to train the patient to speak, and moat likely 
then, by the use of the right side of the brain, the left 
side of those patients, with great difficulty, will come to 
learn. Tbey alwavs have more difficulty than do chil- 
dren, but they learn if tney are taught in the same way. 
It is the same kind of teaching that we employ 
for a child when we try to make It speak, it is the 
same way that should be employed to teach an 
adult who has lost tbe power of speech. It is 
so aleo> as regards gesture, and the rest. I have 
trained some patients to make gestures with 
the left arm, who bad lost the power of 
gesture with the riant, and who were quite unoomforta- 
ble because their left arm, when they tried to move it, 
at times moved in quite an irregular way, and without 
any harmony. There 10 a power of training, therefore, 
even in adults, and if so, that power exists in children, 
and as we well know that we can make a onlld naturally 
left-handed come to be right-handed, in the same way 
we oan make a child who is naturally right-handed 
come to be left-handed also. But the groat point should 
be to equally develop the two sides. To point out this 
has been tbe object of this lecture, and I have now to 
thank vou for having listened to the long and tedious 
arguments. 



U. 8. SURVEY OP THE WEST. 

THE WHEELER EXPLORING EXPEDITION. 

A VA8T WORK. OP WHICH LITTLE HAS BEES KNOWN 
OUTSIDE OP GOVERNMENT ARCHIVES— PLAN FOR 
A UNIFORM SYSTEM OP SURVEY THROUGHOUT 
THE COUNTRY— DETAILS OP THE WORK ACTUALLY 
PERFORMED — NEW AND INTERESIING FACTS 
RESPECTING COLORADO, WESTERN UTAH, ARI- 
ZONA, AND NEW MEXICO. 

[FROM AN OCCASIONAL CORRESPONDENT OF TBE TRIBUNE.} 

Washington, April 80.— The surveys of our 

Western Territories, conducted at the exp >nse of the 
Government, have assumed such magnitude in them- 
selves, as well as in the interests which they involve, 
that the rivalry between them, which has now almost 
taken the form of a contest, becomes a matter of gonsral 
interest. Of the two olasses of Western surveys, those un- 
der civilian management and chose under the War Depart- 
ment, the former have by far more greatly enjoyed the ad- 
vantage of newspaper publicity. Of the labors of the 
War Department In tills field, little has reached the pub- 
lic, except a comparatively brief sketch published in 
The Tribune after tbe return of Lieut. Wheeler's Expe- 
dition of 1878. Pending the discussion of the cost, pro- 
ceeds and value of Territorial surveys whloh is likely to 
engage the attention or Congress within a few days, it 
seems desirable that a fuU account should be given of 
(he work tbat has been done by tbe Bureau of Eaglneeas 
of the War Department. As a preface to this account, a 
brief resume* of some of the facts stated in conversation 
by Lieut. G. M. Wheeler, TJ. 8. A., tbe officer in obarge of 
the Uuited States Survey West of the 100th Meridian, 
will prove of interest. 

VALUE AND PLAN OF SURVEY. 

The need of an accurate and careful topographical 
survey of our western territory is not open to question. 
The experience of older countries may be taken in this 
matter as a guide. In Bohemia, tor instance, maps have 
been published showing by gradations of color not only 
the elevations, but even the geological sections. As y«*t 
such a map of our country could not be constructed. 
The survey which has been organised and conducted 
under the War Department owes its origin and charac- 
ter to the absolute needs of that D'partmont; the 
knowledge obtained is also of vast service to the De- 
partment of tbe Interior, to the settlers of the West, to 
sole a ttflo investigation, to industrial enterprises, and to 
the country at large. 

The scheme of the survey primarily includes the en- 
tire mapping of the Territories ; not a sporadic survey, 
touching here and there on points of interest, but a 
complete lone, connecting the work with that of the 
Coast Survey and extending the determinations of local- 
ity over the entire area of the Uuited States. The atlas 
sheets when finished will delineate the whole country 
west of the 100th meridian— an area of nearly 1,500.000 
square miles. In the past three years the survey has 
covered 308,000 square miles, and at this rate it will take 
fully 10|years to complete it without assistance from 
other sources. 

» 

Better to facilitate topographical representation, and 
to preserve uniformity of publication as to scale and 
size, the region west of the 100th meridian has been 
laid off in rectangles, each embracing about 18.000 square 
miles. Each map published will be on a scale of one inch 
to eight miles, and will represent the area in one of these 
rectangles. Thus as the work proceeds the maps win 
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comprise a continuous series In atlas form. Six of these 
mf»p8 aro now In tho hands of rhe engraver, and the ad- 
yanco proofs lndloate fine examples of topogriphloal 
work, giving in detail the' mountain systems, valleys, 
water-courses, routos of communication, Ao. 

SPECIAL FEATURES OF THE WORK. 

A lino drawn through Che venno, Virginia City, Tao- 
soo, Camp Apache, and Denver, will, said Lieut. 
Wheeler, approximately cover the area crone over by us. 
Our work must be exact, so that It can bo referred to by 
future topographers. It Is probably the best of any of 
the kind. One of the most important branches of the 
survey is the establishment of the meridian marks, and 
we do that with the utmost precision. No bnter work 
of that kind can be done, the probable errors being a 
minimum compared with any that have ever baen 
made. Our meridian murks have already neoomo of use 
to the local surveyors in numerous instances. The de- 
termination of the variation of the magnetic noedle, 
which has heretofore given so much trouble, is anotuor 
of the advantages obtained with the exact meridian. 

Our survey, while it gathers information as to the 
general physical structure of the country, is eminently 
a mountain survey. It extends to the toD3 of all the 
mountains, and their characters and contour are a sub- 
Ject of special study. We have established the meridian 
at all the main astronomical stations. The percentage 
of area in the country surveyed suitable for agriculture 
Is not large ; a large part of the horizontal area covered 
by mountains is out of the range of cultivation. 
Small settlements sprlnar npln tho vicinity of the mining 
camps, but their permanency is uncertain, owing to t he 
migratory oharaoter of the miners upon whom they 
depend for the sale of products. Within a radius of 15. 
20 and 80 miles of the mining oamps, these ranches are 
numerous, and the frugal Mormon, who thinks a great 
deal of a dollar, often brinn his products ion miles to 
market. With the development of the mining ro sou roes 
and a proper system of irrigation, the wotfern half of 
Utah is capable of supporting 1,600,000 Deoplf 

MINERAL INDICATIONS— TIMBER. 

Since we commenced our eurvey.lt has indicated a 
great many mineral resources that were not generally 
known before. We visited a great many mining dis- 
criots, and have gathered a great deal of information 
which is entirely new. Besides the preotous minerals 
there are copper, lead, iron, and coal. The ooal fields in 
Utah are immense ; perhaps greater than those in Wyo- 
ming on the Union Paolflo Billroad, and when worked 
will prove of great benefit to the mlniug industries. The 
coal Is of the oaklng a irt. and is said to be of excellent 
quality. It will take the place of that now brought 
from Pittsburgh. Ooal crops out from tho 33th to the 
43d parallel, and in various parts of the great Colorado 
Plateau. No tin, platinum, or zinc was found. There 
are evidences of petroleum, but nothing definite. Im- 
mense beds of rock salt are found, and also of alkali 
deposits, from which honxls manufactured. This latter 
substance, I am informed by pjrjonj who know, will 
become an Important article of commerce, since, as it 
becomes cheaper, it can be pnt to new uses, and the 
demand may consequently increase with the supply. 

The area of timber in Western Utah la comparatively 
small. Mr. Walker of the Census Bureau has made a 
map of the country west of the Mississippi that shows 
by graduation of color the present timber growth. We 
gave him such information as we could. There is an im- 
mense forest in Arizona and New-Mexico, something 
like those In the region of the lakes. or even lanrer. Pine, 
fir, and quaking aspen are the principal trees. Taere is 



some timber that could bo utilised In the bnildlne of 

railroa Is for ties, <kc. It would be of creit advantage 

to the Southern Paoiflo anl Atlantic and Pacifle road* 

Wehnve discovered a new route for the fornvr ro\d, 

which the? could follow with advantage. B^lde* tht> 

| routes for railroads, we have examined north *nd south 

I lines of communication ; one near the Rocky M inntains, 

I one alo'ig tho meridian of 8 lit Lak*. and another west 

of the Sierra Novad*. Silt Lake Cltv and D>nvr are 

the only points south of the 40th parallel that promise to 

become irre-at commercial centers. 

Almost all of this country Is destltnte of rain for most 
of the year. There sre cenerally two ralnv season* — in 
June and Julv, nnd in December and Jtnnary. Tupre are 
exceptions, however, in thin wide territory. Among tho 
plateaus, 'summer rains are prolonged fully three 
months. 

SCIENTIFIC WORK— INDIAN8. 
The ooHoctlous of specimens In natural history are 
.very larire, espeolnllv thorn) or this last rear, considering 
the brief length or time and small number of collator*. 
Tnls part of the country has never been explored before, 
except along certain lines, und many new ornltholocrtcal 
and bot an Ion I specimens nave been secured. From Colo- 
rado alone we have over 13.000 botanical specimens, and 
we shall secure an exhaustive report on the flora of t hat 
connirv. We have a very good botanUt ; he is now with 
Prof. Gray. He Is a man who will, from tlm* to time, 
suggest some practical deduction*. Our examination* 
include character of soils, humidity, temperature, Ac. 
Dr. Loew, our chemist, has measured the tomp«ra r nre of 
the soil at the surface and a foot below, and made 
many analyses of the soils. 

We have given some study to the Indian tribes, in the 
way or firathpnnff vocabularies or their language, speci- 
mens of their work, accounts or their habits and dispo- 
sition toward settlers and toward each other, and many 
historical facts that will be interesting material. We 
have annually sent over to the Interior Department a 
small map showing the lines that divide these tribes. 

When it is understood that the expedition has often 
been divided Into from ten to twelve parties, it will be 
apparent how a mass of information has been collected 
of no little value. This is the only systematic interior 
survey chat has ever been undertaken by t he Govern- 
ment, west of the Mississippi. It is very needful 
that there should bo a unity of plan and 
purpose in this matter of surveys, as they 
ooine now from a variety of sources. £ lginoer officers 
are stationed at the Military Di*pirtmeut Headquarters 
who are constantly making surveys for the Information 
of the oommandtug offijers in the opening of routes of 
supply, movement of trooos, <fco. At the headquarters 
of the armv an Engineer officer is also enscag'yi in ootn- 
plliug information ; this finally all comes to «ethsr and 
is embodied ou a general map. Then, again. Congress 
has been authorizing expeditions trom the Interior De- 
partment and Smithsonian Institution. I have prepare i 
an elaborate plan covering cost, also, etc., for the prose- 
cution of this work. It is based on a nnit of force ; but 
It has not yet gone beyond the War Department. We 
do not utilize anything obtained by either the Interior 
Department or Smithsonian Institution in the construc- 
tion of our maps. 

THE WORK OF THE SURVEY. 

The following general subjects for observation will 
give ao idea of the undertaking : 

(1.) The establishment of primary geographical posi- 
tions bv astronomical methods. 

(2.) Obtaining accurate topographical Information by 
trigonometric methods of the various mountain systems 
of the valleys and of the detiital plain*. 

(3.) Determination of altitudes (hypsometrloally). 

(4.) Careful study of geological formations. 

(3.) Examination and collections of the living and ex 
tlnct fauna and flora. 

(C.) Investigation of resources (wood, water, grass, and 
agricultural productions). 

(7.) Ascertaining location and extent of precious and 
economic minerals. 

(8.) Observation of climatic oscillations and influences, 
and seasons of rain and snowfalL 

(9.) Selection of routes of communication for rail and 
common roads, for military and other purposes. 

(10.) Researches as to utilizing the present water* 
supply as a means of irrigation. 

(11.) Ascertaining the oondition of mining and other 
Industries. 

After the convocation with Ltent. Wheeler, of whloh 
tho main features aro given a«»ovo, the following account 
of the work of the exnlorine expeditions under his 
charge was compiled from materials furnished: 
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EARLY EXPLORATIONS AT THE WEST. 
England. Germany, Spain, Russia and France have 
made elaborate surveys and maps of their respective 
territory, the value of which la Incalculable. In oar own 
country the most finished and exact have been those of 
The coast, along which rhe principal interests were for a 
lone: time situated ; next earns the survey of the great 
lakes. The results of each of these undertakings are 
In the highest degree creditable to the officers engaged, 
and they have proved of great benefit to the country. 
The earliest history of snrvevs and exploration in onr 
Western interior is found in the chronicles and adven- 
tures of the old Spanish and French travelers and mis- 
sionaries. Their experience and r.he wonders wnioh thev 
relate are still full of interest, although the information 
thoy gained has been superseded by more accurate and 
detailed reports. One of the last and most entertaining 
of this class of historians was Padre Ewalanta. a Span- 
ish priest, who penetrated from the Gulf of Mexico to 
the Great Silt Lake of Utah. Some of the records of his 
travels are yet in the State Library at Santa F6, N. M., 
•then among the archives of the Spinish Government 
at Madrid. 

The first to attempt an organized survey were Capts. 
Lewis and Clark, who were sent out under the auspices 
or the Government of the United States in 1804. Thoy 
were absent until 1806. Tbev were followed by Major 
Pike, TJ. 8. A., 1805-7, who discovered the s uiroes or the 
Great Colorado of the West. Rector and Robordean 
were the next, in 1818. After them. Major G. H. Ling, 
U. 8. A., conducted an exploring party, nnder orders 
from the Secretary of War. The first explorers of the 
sources of the Mississippi were Lieut*. J. Allen and 
Schoolcraft. 1833. The wanderings of Capt. Bonneville, 
TJ. 8. A., from 1833 to 1838, were woven into a graceful nar- 
rative by Washington Irving. In the order of dates sub- 
sequent explorations were made by the following officers: 
Dommander Wilkes, TJ. S. N., 1838-43; Nicollet, under 
Bureau of Engineers, 1838-44; Lieut J. C. Fremont. En- 
gineers, 1843; Capt. Boone, of the Dragoons, 1843 ; Capt. 
J. Allen, 1843; Lieut. Fremont, 1844-48, assisted by 
Lieutfl. Abort and Peek; Abert, Engineers, 1845; Frank- 
lin, Engineers, 1848-47; Abert and Peck, Engineers, 
1848-47; Col. St. George Cooke, 18M-47; Warner, Engi- 
neers, 1847-49 ; Derby, Engineers, 1849; Lieut. Webster, 
Engineer*. 1849; Lieut. Simpson, Engineers, 1849; Capt. 
Mnrcy, InTxntrv, 1849; Capt. Stansbnrv, Engineers, 
1849: Col. Johnson, Infantry, assisted by Lleuts. Smith, 
Bryan and Mlchlor, E iginoers, 1849-57 ; Lieut. Parte, 
Capt. Pops, Capt. Sitgreaves, Lieut. Woodruff", Engi- 
neers, 1851; Capt. Marcv, assisted by Capt. McOlellan. 
E:i£lneers,1852. From 1853 to 1857 the explorations and 
surveys for a railroad route from the Mississippi River 
to the Pacific 0?ean were carried on, principally by 
officers of the Corps of Topographical Engineers. The 
resulting reports attained a worldwide reputation on 
account of their valuable data, and to this day they are 
frequently consulted. 

TOPOGRAPHICAL MAPS. 

To enumerate all he officers of the army who, fitted 
by education and training for such work, have taken 
part in or directed surveys in the Western Territories, is 
jot necessary for the purposes or this letter. Tiiore is 
hardly any important portion of the West that they 
bare not penetrated, and their labors have supplied the 
basis for the principal topographical maps of our country* 
The Engineer Bureau of the War Department has, since 
Its organization, published several hundred maps, whiob 
are the most accurate, and. consequently, tlie most Iro- 



| quently consulted. Of the niap'i I spared and compiled 
by Lieut, (now Mijpr-Gsn.) G. K. Wiirrin. a law edi- 
tion has been distributed. It is still tue be*t map of 
Territories west of the Mississippi River. To the com- 
mon intelligence there is no medium that conveys in- 
formation so directly as graphic illustration. 

In the prosecution of explorations and surveys west of 
the 100th meridian, it has been the aim of the officer in 
charge so to direct the operations that the result* will 
meet at least a portion of the needs of the actual set- 
tlers, to enable them to carry out their enterprises. At 
the same time care has been taken to collect data upon 
scientific problems that are of interest and value. The 
facts ascertained by the expeditions are promptly re- 
duced to practical results, and the w>rk Is vigorously 
pushed forward to completion. The volumes described 
hereafter, covering the surveys of Lieut. Wheeler, will be 
forthcoming as soon as Congress sees fit to order the 
publication. Photo-ltthograpblo copies of the atlas maps 
will be issued in advauoe for immediate use. 

ASTRONOMICAL WORK. 
The duties in this branch of the survey at the main 
field stations, conducted with instruments of the most 
approved pattern, were first undertaken in the year 
1871, althouah in 1869, at Camp Halleck, Elko, Camp 
Ruby, Peko, and Hamilton, Ney., longitude by tele- 
graph had been detpnnlnedJVby connecting with the 
Const 8urvey station at San Francisco, signals having 
been sent from that point through the kindness of Prof. 
George Davidson of the Coast Survey and others. In 
the year 1371 the services of two principal astronomical 
observers were obtained, and connections were made 
that year with the meridian of the Naval Observatory 
at Washington and that of the United States 
L:ike Survey at Detroit. The sending stations were 
Carl In, Battle Mountain, and Austin, Nevada. Subse- 
quently in the field season of that year, the astronomical 
position of FortGeorge, Utah, was determined, connection 
being made with the Mormon Observatory at Salt Like 
City. Tue longitude of Camp Independence, California, 
and Prcscott, Arizona, was determined by lunar culmin- 
ations, and at all the stations this year, latitude was de- 
termined by the use of the zaulth telescope — the method 
originally introduced bv Capt. Andrew Idloottof the 
Corps of Topographical Engineers. 

By the exercise of care and after considerable labor in 
taking the field in 1872, the organiz ition for astronomi- 
cal work In its methods, personnel, and Instruments, was 
considerably improved, and throe parties, two fully 
equipped and moving between several points of the 
fl-»ld, and ou ) at the M irmon Observatory at Salt L kke 
City, were actively employed. The results of this sea- 
son determlnod with creditable accuracy the positions of 
the following toints : Beaver and Gunnison, Utah ; 
Pioohe, Nevada; Fort Fred. Steele, Cheyenne, and 
Laramie. Wyoming Territory. Observations were begun 
at the crossing of Green Rlv»r by the Union Pacific 
Railroad, and completed in tko following year. The 
observers of this season were Assistants J. H. Clark, 
£. P. Austin, and William W. Maryatt. 

ESTABLISHMENT OF AN OBSERVATORY. 
It was proposed to establish a connecting field-ob- 
servatory at Ogden, Utah, from which point the signals 
for a large stretch of territory to the north, south, east, 
and west could be sent. A substantial brick observa- 
tory on a stdoe foundation was planned* and has been 
essentially completed except the dome. It has three 
observing rooms that may be increased to five, and 
is connected with the main wire of the West- 
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era Union Telegraph Company. Connections m»iy be at 
any time ma do with the wires ot the Atlantic and Pacific 
Company, and of the Deseret Telegraph Company of 
Utah. To Prol. H. B. Herr of the Lehigh University of 
Pennsylvania tbe superiotendenoeof the construction of 
this building and the charge of the observations neces- 
sary to connect It with the observatory at Salt Lake and 
that of too Lake Survey at Detroit were delegated. He 
was unable to perform tbe latter work, havlug to return 
to duty at the university. The observations were made 
later in the season by Dr. F. Kampf. Taree main field 
astronomical parties were organized, and took the field 
about the 1st of June, 1873. leaving it on or about the 16th 
of November. They were in charge of Assistants J. H. 
Clark, Dr. F. Kampf, and Win. W. Maryatt, respectively. 
Prof. T. H. Safford of Dearborn Observatory, Chicago, 
Joined the survey on the 15th of June, and conducted 
the observations necessary for the determinations of 
Santa Found Fort Union, N. M. The following main 
field stations were occupied during the past field 
season : 



(1.) Santa F6. S. M. 

2.) Fort Union, N. M. 

3.) Trinidfttl, Col. 
(4. J Labrau, Col. 

}5.) Colorado 8i>ring, CoL 
6.) Hughes, Col. 



I 



!7.) Georgetown. CoL 
8.) Okdeu, Utah. 
9.) Wlrmemoceu. Nov, 
(10.) Virginia Cttj, Nor. 
(11.) Goluen. Montana. 
(12.) Green River, Wyoming, 



STATIONS DETERMINED AND BESULTS ATTAINED. 

During the years 1871, 1872, and 1873 the results, now 
mostly calculated, give with the utmost exactness now 
attainable the latitude and longitude of 24 stations in 
the interior area west of the 100th meridian. These do- 
terminations are accurate and trustworthy, as toe prob- 
able errors show a minimum compared with anv as yet 
obtained of this class of work, ci flier in tal* country or 
abroad. They have already been used in oheoking the 
surveys made upon the railroads. 00 that these lines of 
communication from the Mississippi to the Pacific can 
be perfectly laid down upon the general map. A scheme 
developing from the line of stations reaching from 
Omaha to San Francisco has l>een begun, whioii, 
when carried out to meet the plan originally 
proposed, will be extended into an astronomical triangu- 
lation, which must, necessarily, take the place of the 
primary triangles In geodetic work, pure and simple, as 
applied by the Coast Survey in this country and by sev- 
eral surveys organized by the leading Governments of 
Europe. A large portion of our Western territory is 
covered with mouutain forms, of which little is known,' 
and presenting physical obstacles of such great magni- 
tude as not to permit at present the slow and tedious 
operations of the primary trlangulation prior to the 
commencement in skeleton alone*of the final map. The 
secondary trlangulation, haviug stations at prominent 
mount hIii peaks, and located In part from bases measured 
at the astronomical stations and from tbe prosecution 
of the trigonometric work, gives us points that hereafter 
may become vertices of a series of primary triaugles 
for which some day the country may call. At each of 
these stations the true meridian of the place Is estab- 
lished. Each or these lines having a known azimuth, will 
be of Important use to the local surveyors and to the en- 
gineers of railroads and other corporations in checking 
their lines of survey made for specified purposes. They 
will also be useful hi determining the annual and other 
fluctuations of the magnetic needle— an element enter- 
log so largely into the record that gives a titio to lands. 

In due tune the standard meridians used by the 
public surveys, oarriod respectively from the 
Valley of the Mississippi westward, and from tbe 
Pad do coast eastward, may be adjusted to theso 



geographical positions— a matter of no little importance* 
At most of these stations substantial stoue monuments, 
constituting observing piers, have been established, and 
can always be identified. This branch of surveys being 
the first and most necessary, after it shall have been 
prosecuted with vigor, as it will be for several yean by 
different parties of the War Department, the necessary 
data will ultimately be available, so that the aocumo- 
ated material from a variety of sources, both public and 
private, may be aggregated upon the general map of the 
country, which is constantly revised at the Engineer De- 
partment, and also upon maps of the geographical mili- 
tary departments of the West, now In process of compila- 
tion at the Engineer Office, Headquarters of the Army. 
Astronomical observations for minor oheoks upon topo- 
graphical work are conducted by officers of tbe corps of 
engineers, who have also the executive charge of the 
moving field parties. The mass of geographical posi- 
tions already gathered, having prominent natural and 
other objects for their initial points, will soon be pub- 
lished. 

TOPOGRAPHICAL WORK. 

The present survey was first undertaken while tbe 
officer now in charge was on duty upon the staff of Bre- 
vet Major-Gen. £. O'C. Ord, then commanding the mili- 
tary Department of California, to which duty ho was 
assigned in the Fall of 1863. la the Spring of 1869 the ex- 
pedition for the recouiioUanoe in South-Eastern Ne- 
vada, then an almost terra incognita, was organized 
under tho authority of the late Major-Gen. Geo. H. 
Thomas, commanding the Military Division of the Pa- 
cific. 

Since the expedition of Capt. Timpson in 1859. from 
Great Salt Luke to Virginia City, no military parties or- 
ganized for survey of the Western interior had been in 
the field with the exception of the survey of the 40ih 
parallel, Clarence King in charge, who had begun these 
surveys In 1867. At the breaking out jf the war, the 
Corps of Topographical Engineers, to which had been 
Intrusted prior to this date this class of duties under tbe 
Government, was taken from these and other works of 
a similar character, and sent with the armies in the 
field. During the war this class of interior surveys re- 
mained dormant. 

After the war, engineer officers were detailed at the 
headquarters of the several military departments and 
were culled upon to carry out surveys of various kinds. 
The amount of money allotted was very small, and it was 
impossible to go to the expense of assistants other than 
in the astronomical and topographical brandies of the 
work, where ability lor scientific mapping of the results 
ib a prerequisite. This reconnaisanoe occupied tbe entire 
season of 1869, and its results were reduced at the office 
in Ban Fancisoo. A preliminary report and maps were 
published for the use of tbe Military Department of 
California, and another map, upon a scale of one inch to 
to twelve miles, was made for the uses of the War De- 
partment. The final report of this expedition is now 
completed. 

The officer in charge, having changed his station to 
Washington, D. C, oominenced in the early Spring of 
1871 the organization of a large expedition to take the 
field that year. Tbe several field parties left the Central 
Pacifio Railroad at Corlin and Battle Mountain, Nev., 
moving in a southerly direction, closing their labors at 
the end of the season at Tucson, Arisona. In many 
respects this was one of the most extraordinary expedi* 
ditions that ever entered our Western territory; Its 
duties were both on the water and the laud. A separate 
or sub expedition ascended the Colorado River from 
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Camp Mojave to the moatb of Diamond Creek, in the 
Grand Canon. The urea covered was oyer 80,000 square 
mile*, a Dart of this being the most desert, difficult, and 
dangerous or any like area within the Uotted States. 

EXPLORING TIIE DEATH VALLEY. 
This was especial ly the ease with tue great Death 

Valley In South- Western Nevada, wrinkled with many 
mountain elevations, between which lie elongated val- 
leys, or detriral plains, where the familiar alkali of this 
peculiar region ever3* where meets the eye. The expe- 
dition crossed the Death Valley of California along four 
separate lines, enduring much hardship and many pri- 
vations from heat and thirst. This peculiar basin in- 
terior, being at its greatest depression below the level 
of the sea. Is most remarkable from the faot that the 
range of mountains lying to the west rises nearly 10,noo 
feet. Here are found, besides the precious minerals, 
bodies of timber, springs . and running streams, and a 
peculiar climate ; here arise sickly vapors that, in the 
light of the sun reflected upon the alkalino pluins, might 
be supposed to be sulphurous fumes born of the Infernal 
regions. 

The -season was particularly fruitful In unraveling tho 
variety ol topographical forms in and around the Grand 
Cation of the Colorado, along the edges of the great 
plateau system, in the valley of the Colorado, that occu- 
pies large portions of territory in Arizona, Colorado, 
Utah and New-Mexico. It was proposed this year by 
the leader of the expedition to name this entire section 
the " Colorado Plateau," to be divided hereafter into sub- 
plateau* and mesa-systems. This expedition was fully 
eight months in the field, and left the Territory of Ari- 
zona in the middle of December, 1871. The boat parcy 
leaving Camp Mojave on Sept. 13, reached the mouth 
of Diamond Creek ou Oct. 19. The ascent of the river 
was comparatively easy from the Black and Bowlder 
Canons, until reaching the point of crossing to the 
southward, when, not having fully anticipated the In- 
ei easing obstacles to entering the jaws of the Grand 
Canon, the dangers of the trip were suddenly realised ; 
and only after m«.ch privation and severe labor, with a 
scarcity of food, did the party, hemmed iu by frowning 
walls, reach the mouth of Diamond Creek, where relief 
awaited them. The excitiug scenes and thrilling ad- 
ventures connected with this trip, will form one of the 
entertalulng features of the published reports. The 
most easterly point reached this year was Camp Apache, 
A. T., near the head-waters of the Bait River. 

Death Valley in California is a detrital sink of unique 
physical characteristics, and differs entirely from what 
it was supposed to be iu 1869 by the majority of the in- 
habitants of Nevada living near a line leading from 
Camp Holleck via White Pine to Pabrauagai Valley. 
The country thus denominated was really the great 
" Death Valley " of South-Western Nevada, and covers 
a large space in the system of Interior Basins that have 
the Wasatch Range as an eastern and the Sierra Nevada 
as a western limit. This whole region presents a series 
of valleys or detrital plains, each entirely Inclosed by 
tbe ridges of Cordilleras thst are more or less distinct as 
a series of mountain masses. The M Death Valley" 
proper Is one of the most remarkable of all known inte- 
rior continental depressions, and has portions near the 
center of its axial line below tho level of tbe sea, al- 
though far inland, and lying muoh to the north of the 
lower border of the great Interior Basin. It is the sink 
iff tbe Amargosa River, which has Its source in the areas 
of drainage formed to the south and east of Belmont, 
Nev., Traverses the desert of that name while pasMug 
southward, until, reaching lat. 86° 41' fi", it makes an ab- 



rupt angle to the west, and thence, at right »ngUs to the 
north, reaches the point of greatest depression, a little 
less than 800 feet below sea level, in the heart of Death 
Valley proper. This valley, of the ordinary oval form, 
is fully 70 miles In length, varying from 5 to IS miles in 
width, surrounded by frowning mountains of volcanic 
and sedimentary origin, the Telescope Rauge, rising 
higher than 10,000 feet. The line crossing this dismal area 
from the mouth of Death Valley Canon to the thermal 
springs iu Furnace Creek, presenting a labyrlnthlan maze 
of efflorescent, saline forms, creates at the level of vision 
a miniature ocean, the vibrations of whose contorted 
waves has a sickening effect upon the senses. The lurid 
glare, horlsoned by the bluish haze radiated from the 
mountain sides, appears fooussed to this pit, though 
broad iu expanse. It seems, coupled with the extreme 
heat, to call for the utmost powers of mental and phys- 
ical endurance. 

The Journey through the Valley of Death occasioned 
the utmost apprehension evinced through the entire 
season. To this was added the effect of the fearful cloud- 
burst experienced while among tbe Telescope Mountain, 
to the west, and the absence of the guide who had ven- 
tured toward the north-western arm of the Valley, it 
was feared, to return no more. The transit of 48 hours 
in a temperature that remained at 117° F. at midnight, so 
exhausted both men and animals that further travel was 
rendered precarious. 

▲ PATHLESS FOREST. 
San Francisco forest, through which Lieut. Ives con- 
ducted his laud explorations, was traversed for a dis- 
tance of nearly 900 miles from San Franeisoo Mountain 
to the Sierra Blanca range. Tne subsequent expedition 
of 1878 extended its limits far into New-Mexico, proving 
it to be probably tbe largest continuous forest area in 
the United tStates south of the fortieth parallel. The 
expedition returned to Washington in Droember, and at 
once began the preparation of maps,|:which will be 
pushed rapidly to completion in pursuance of the pro- 
posed atlas sot erne. Much of the data was late in being 
received from the field, and some delay was experienced ; 
still, satisfactory progress is making. In the Spring of 
1873, with a larger appropriation, tbe Survey entered 
upon its duties with a more completely organ- 
ized force, having for its field portions of Utah, 
Nevada and Arizona. The paint of departure and re- 
turn was Salt Lake City. The experience gathered by 
tbe topograpbioal assistants and the addition of new 
skilled labor made the Topographical Corps of this year 
quite ettioient, and permitted the elaboration of methods 
to meet the grow lug wants of this class of survey, 
aided by improved and perfected instruments. The 
area covered by the topographical work for this year is 
not so large in extent, but the result is fully as valuable, 
as more details were gathered. In 1878 the Topographi- 
cal Corps was still further enlarged, experienced per- 
sons being retained and others added. The Instruments 
and methods were also further perfected, and the work 
of exploration for this year fully elaborated into au 
entire survey of the new and interesting regions visited. 
The parties, six in number, took tbe field from Salt 
Lake City, Denver, and Sauta Fe\ The locali- 
ties of the prominent natural objects, such, 
as mountain peaks, mesa edges, buttes, &&,, 
are determined bv a species of secondary triangulatlon. . 
Each belt of triangles is checked at distances not ex- 
i eeding Mo miles by bases that now or hereafter will be • 
turther ohecked by the primary astronomical positions.. 
Minor details are gathered by the topographers, 
using ordiuarj trigonometric methods lor. uorUontai 
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and vortical distances, Sv that within specified areas a 
sufficient u mount of material for the somIo proposed is 
fathered. The Survey was most successful in obtaining 
the requisite topographical information over large areas 
in Utah, Co lorn do, Arizona, and New-Mexico. At the 
present time this is rapidly undergoing reduction for 
the final atlas sheets. The moving field parties are usu- 
ally so constituted as to be able to subdivide, aud retain 
in each an executive, astronomical, topographical, me- 
teorological, geological, and natural history assistant. 

Topography is oue or the most important branches of 
the work*, since it is to trustworthy maps of the coun- 
try that we must always look for the most reudy and 
certain knowledge of its general features. In this coun- 
try It has not as yet attained the dignity of a profession. 
It is hoped, however, that at no distant day It will com- 
mand the attention it deserves at the hands of our 
scientific institutions. Up to the present time, the area 
ooveied by the survey has been as follows : 



TABLB SHOWING THE ABBA SURVEYED. 



1869. 

Nevada 26,400 

California. 

Utah.. ■• .... 

Arizona 

New-.Mexieo. 

Colorado 



] 871. 

27,2o0 
19.160 

32,400 



1872. 

. 6,2u0 

34.400 
9,900 



1873. 



2,500 
17,600 
31,000 
21,500 



>69->73 

69.800 
19.160 
30,900 
59.800 
31,000 
21,600 



Total 26.400 78.750 60.500 72.500 228,160 

The total cost of this work has been a Utile less than 
8225, COO ; approximately one dollar per square mile or 
one-eighth of a cent per acre. 

GEOLOGICAL WORK. 

The Geological Corps of the Survey has been pro- 
gressively enlarged in the successive field seasons. Mr. 
G. K. Gilbert remained a member of it during 1871-2-3. 
Iii 1871 he was assisted a portion of the Summer by Mr. 
A. R. Marvine, who was succeeded in the following 
yeurs by Mr. £. £. Howell. In 1873 the Survey was so 
fortunate as to secure also the service* of Prof. J. J. 
Stevenson, and in the same year Dr. O. Loew, in addi- 
tion to his multifarious labors in other departments, 
assisted in the geological work. 

In the season of 1871 Mr. Gilbert followed a devious 
course in Nevada aud California, startiug from Curlln 
on the Central Pacific Ballway and touching in uc- 
oession the Bull Run inlmng district. Battle Mountain, 
Belmont, Hyko, and Pioohe. in Nevada; Camp Inde- 
pendence and D;.»eert Wells, in California; aud Camp 
Mohave, Arizona. From tne last plaos he accompanied 
tne boat party up the Colorado River to Diamond Creek, 
at which point land travel was resumed. At the cross- 
ing of the Colorado, near the mouth of the Grand Cafiou, 
he was met by Mr. Marvine, who had Just commenced 
his geological examinations at St. George, Utah, and 
between that point and Camp Apache the routes of the 
two geologists intersected a number of times, and they 
were enabled effectively to combine their observations, 
the chief beariug of which in this region was upon the 
defiultlou of the southern or south-western boundary of 
the great Plateau System. 

All that portion of the United States west of the Plains 

is characterized by corrugauou; that is, the geological 

formations once horizontal have been bent and broken 

and thrown into ridges so as to produce a mountaiuous 

. country. The ridges vary greatly as to hight and length, 

but agreo in a general northerly trend; so that in 

traveling north and south, it is generally easy to follow 

'valleys, while in going east or west one is confronted by 

. range after range that he must climb or go around. In 

the lower parts of this great mountain system the slow 

i but indefatigable agencies oi ruin and stream have ac- 



cumulated go great an amount of detritus that tha 
valleys are clogged and the mountains nearly or quit* 
buried. In this way have been produced the great 
desert plains of Utah, Arizona, and Southern California 
—vast seas of sand and saline clay, from the surfaces of 
which a few half-sunken peaks Jut forth as islands. 
These intermissions of the mountainous char- 
acter are mere concealments, not interruptions 
of the corrugated structure; but that struc- 
ture is Interrupted in one place— perhaps in 
others, but in one notably— oy a tract in which the 
strata are almost undisturbed. The general surface of 
this exceptional reglou lies from 6,000 to 8,000 feet above 
the ocean and It is intersected by the celebrated cations 
of the Colorado and Its tributaries. By these gorges 
and by other inudifications, chiefly dependent on erosion, 
it is divided in to a great number of plateaus which the 
surveys now in progress are deflulng and naming. The 
geologists of these expeditious have found it convenient 
to designate the region, considered as a geological prov- 
ince, as the region of the Plateaus, or the Colorado 
Plateau System. It is surrounded on all sides by areas 
of corrugation, the rauges at the east constituting the 
Rooky Mountaiu System proper, and those at the west 
having been designated as the Cordilleras. At the 
north and south these mouuiain areas coalesce. The 
northern portion of the Plateau System falls within the 
belt of couutry studied by the geologists of the Fortieth 
Parallel survey aud reudered accessible by the Union 
Pacific Railroad, has become tolerably well known. Tne 
definition of the southern half hasbeeu accomplished by 
the recent Engineer explorations. 

WESTERN LIGNITES— AGE OF THE ROCKY MOUNTAINS. 
Tne field of operations in 1872 comprised parts of both 

Cordillera and Plateau regions, and included their Joint 
houndary from the Wahsatch range south-westward to 
the Colorado River. At the opening of the season Mr. 
Gilbert crossed the Cordilleras westward from Salt Lake 
City to the Nevada line, and returned eastward to 
Beaver, near the line of separation, where he was Joined 
by Mr. Howell, who had spent most of his time east of 
the bounding Hue. Between this rendezvous and the 
next at Toquerville— which also happened to be near the 
same line— these gentlemen exchanged fields, Mr. Howell 
keeping to the west amoug the mountain ranges, aud 
Mr. Gilbert exploring the plateaus about the bead 
waters of the Sevier and Virgin Rivers and Kanai 
and Pui la Creeks. In returning to Salt Lake 
City Mr. Howell once more bore to the west 
—this time so far as to touch the min- 
ing town of Piochc, Nevada, where a week 
was spent in a geological examination of the locality ; 
aud Mr. Gilbert, after visiting the Colorado oauons at 
Paria aud Kauai Creeks, returned northward over the 
Sevier Plateau. One of the most interesting subjects of 
study during tho season was the record of an ancient 
lake that covered the Sevier and Great Salt Lake Des- 
erts, anc which Mr. Gilbert refers to the glacial epoch. 
A great deal of attention was also given to some faults 
and foius within the Plateau region, or far lees magni- 
tude tban those found among the Cordilleras, but of the 
greateit interest, sinoe they are the simplest elements of 
mountain structure and their study promises to throw 
great light on dynamical geology. 

In 1873 the worn of Prof. Stevenson, who accompanied 
Lleit. Marsh ill, was couflued to the Rooky Mountains, 
and was quite independent of that of the other geolo- 
gists. His investigations led him to very definite oon- 
oluitons in regard to the age of the Western lignites aud 
th« ago of the Rocky Mountains, aud his notes comprise 
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important additions to oar knowledge of the distribution 
of the strata and crystalline rooks of the recion t of its 
ancient glaciers, and of the relation of its economic min- 
erals to Its geological structure. Mr. Howell, starting 
with Lieut. Hoxle from Salt Lake City, remained with his 
division nearly to the end of the season. The earlier part 
of the Summer was spent in a portion of the Plateau 
region immediately east of that examined in the previous 
year, and was largely devoted to the study of the system 
of faults, there well displayed. At Fort Wlngate he 
passed— though at a Inter date— the iultlal point or Mr. 
Gil oeri's examinations ; and in the area to the south— the 
principal area for that seasou— the routes of these two 
geologists were so near as to enable a combination of their 
work. Dr. Loew's geological examinations moreover 
were in this region and tracts adjacent to it. Among 
the results of the Summer were the further definition or 
the boundary of the Plateau— continuing the work beguo 
in previous years, the recognition and partial survey of 
some almost unknown volcanic belts of great extent, and 
the accumulation of many new facts in regard to the 
great cretaceous coal-field of the Plateau regiou. 

VoL IV.. M Geology," will comprise reports by Messrs. 
Gilbert, Marvlne, Howell/ aud Stevenson, upon the 
geology of the regions they have severally examined, 
aud by Drs. Hoffman and Loew upon mineralogy aud 
chemistry. The chemical report will include auslyses 
aud discussions of soils, miuerals, rooks, mlueral wuters, 
coals, and vegetable principles. Amoutr the topics 
treated in the geological reports will be *' the Lignlies," 
geologically and economically considered; iron ore*, 
metalliferous veins, spring* and artesian wells, erosiou, 
mountain structure, descriptive and theoretical ; stratig- 
raphy aud the distribution of tne several formations, 
mesaraorphio rooks and metamorphism, eruptive rooks 
and their distribution, and the phenomena of the glacial 
epoch. 

The illustrations will consist principally of woodcuts 
Incorporated with the text and designed for the elucida- 
tion of the matter rather than for mere embellishment. 
Borne points of structure aud especially certaiu peculiar 
phases of erosion will be 11 lust rated by full-page hello- 
types or other prints from photographs made in the 
field. An atlas of geological maps, uniform lu size with 
the topographioal, and of course baaed uuon them, will 
accompany the report. 

MINES, MINEBAL WATERS. AC. 
More than 160 uistriote of previous moui* In the terri- 
tory covered by the survey have been visited and ex- 
amined as far as circumstances permitted. The reports 
show a great uaiubur of points at which precious min- 
erals have b*»en discovered. Their value will be lvulizeu 
in connection with tne geological and other investiga- 
tions, and the mining localities will be indicated in the 
maps. The wuut felt of comprehensive and accurate 
maps of the mouutain areas about which so little Is 
kuown has repeatedly heeu called to the attention of 
Lieut. Wheeler by prominent men botn in puolio and 
private life, aud especially siuce the discovery of pre- 
cious minerals has awakened a new and vast field of in- 
dustry in those distant regions. 

Mineral waters have been collected at various poiuts, 
and in the more interesting oases several gallons of the 
water were evaporated, the residuum being kept for a 
more exact determination of those that occur only in 
small quantities. 

The most interesting mineral springs were those of 
**OJos CalienteV* ou the Jemez Creek, about 50 miles 
west of Santa Fe. These springs are situated in a deep 



but spacious enflon. the wa)'s of which are over 1,800 
feet in bight. The creek rushes through over a rocky 
bed with great rapldltj.and some Moxiotn farmers 
have built huts along the margin. Springs of this class 
are invariably warm, the cold spriugs showing limited 
if any mineral qualities. 

The principal warm spring Is In continuous and vio- 
lent actiou, a current of 'carbonic acid esc»mn? through 
the water, which has a temperature of 169° Fa lire u bet t. 
This water is used for bathing and drinking by the 
Mexicans, who flock thither. This spring was found to 
ooutain chiefly chloride of sodium, sulphate of soda, car- 
tons te of lime, carbonate of magnesia, and chloride of 
lithium. Smaller springs of similar composition, a 
few steps from the chasm, ooutain, In addition, car- 
bonate of iron, and have a lower temperature, 108° 
to 180°. Two miles above this group of springs is 
another, quite distinct, 42 in number, all i89uiug from 
oaloareous inouuds, undoubtedly former spring deposits. 
There is a cave In one of these mounds whose walls are 
coated with glittering crystals of oaloito, and two snow- 
white columus stand iu front. Tuese spriugs contain, 
beside the above-mentlooed substauces, carbonate of 
soda, their temperature ranging from 80° to 105°. A 
quantitative analysis hasbeeu made from springs or both 
groups, and will be reported in the flaal volumes. 
These spriugs have some similarity to those ia 
Marienbad, Bohemia, and uudoubtedlv deserve 
attention. At some future time we may here find 
one of our fashionable watenng-pltioos. Mlueral springs 
in the cafloo of the Bio Francisco at Sjn lsldro and 
other localities, have been oarefullv examined. Lithla 
was found accompanying the soda salts ; borate*, whlou 
are so frequently encountered lu Nevada, have not been 
found yet iu New-Mexico and Arizona. 

A FARMER BECOMES A MINER. 
An extensive collection of ores from New-Mexico and 
Colorado was made. These will bo subjected to analysis. 
There is a vein of red oxide of copper of 80 feet width 
and 8 feet night. In quartzite, lu the vicinity or the 
Bio Francisco. A deposit or silicate and green 
carbonate of copper of about the same hlght and 
of a width of 4A feet occurs on the Burro Mountains. 
8ome new copper mines were discovered by the parties ' 
of the expedition on Mount Turubuli aud in the Gila 
Valley near the BloBoolto. The silver miueiof New- 
Mexico are extensive, containing chloride of silver, na- 
tive sliver, argentiferous galena, and argentiferous iron 
pyrites in many places. A characteristic ore is the de- 
posit of chloride of silver in slate and sllenite at Silver 
City. On the Madelina ruts occur argentiferous oer- 
russlte and massioote. Gold is round in vanous places 
lu sand aloug the Bio Francisoo and the Bio Mem ores; 
in quartz sandstone, talc, and soil on the Placer Moun- 
tains. One farmer in the vicinity of Silver City sub- 
jected the soil of his corn-Held to a- washing, and 
obtalued such favorable results that he suuk a shaft. 
The profit of his labors lost year was $1,800 in gold. 

The region above 7,000 feet receives nightly dews, and 
has occasional springs and abuudance of timber aud 
grass. The country below this altitude suffers from the 
dryness of the climate, but the streams are often 
flanked by belts of good bottom lands that may be irri- 
gated. A report will be made describiug in detail the 
lands suitable for farming. In New-Mexico and Ari- 
zona many soils were analyzed. Llthia was present in 
all of them— a substance not so common in other coun- 
tries. Fotassa and phosphoric acid were found in all In 
sufficient proportions to msure production of crops. 
In some localities the soil contains as much 
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of tbese elements m the beet soils known. 
Some soils were found deficient In Hoop, some 
In sulphur to acid; but this want can be easily supplied 
by an addition of gypsum, which occurs in many 
places. 

There. Is also a class of soils productive without irriga- 
tion, f n suoh oases the underlying stratu probably fur- 
nish wiiter, which ascends by capillary attraction. 
Spec-linens of such soils have been ta'cen in sealed bot- 
tles to determine the hygroaoopio moisture of the sub- 
soil. This was found to be 4 to S per cent, while 
as the surface it was was from \ to a. 

The volley of tue Bio Grande del Norte, in New-Mex- 
ico, recall* the features of the Egyptian Nile. A large 
population i* entirely dependent upon the river. An an- 
nuttl rising of the waters oarries a muddy sediment su- 
perior in fertilizing properties, as was proved by anal- 
ysis, to that of the great African river. While the 
amount of phosphoric acid is nearly the same, the 
q mount of potash is considerably higher. Thousands 
of acres are lying idle along the valley of the stream 
awaiting the enterprising farmer. 

PLANTS, TEXTILE FIBERS, AC. 
There ore many plants growing in New-Mexico and 
Arizoua which have strong fibers that could be utilized 
for the manufacture of rope, paper, <feo. One such spe- 
ciop, Yucca Anguiti/olia, is now utilized at Denver, but 
there are many more. The root of this plant is used by 
the natives as a substitute for soap, and is highly prized 
ou account of its cleansing properties for woolen goods. 
Another plant of great Interest is the maguiy or mescal, 
crowing in Southern Arizona— a peculiar spedes of 
yucca. The plant consists of about 80 to 100 lanceolate 
leu ves from two to three feet long, pointed to a sharp 
thorn at the end ; all the developed leaves are concen- 
trically united at the ground; those undeveloped— The 
heart of the plant— remaiu soft and perfectly white so 
long as the sunlight is kept away by the surrounding 
outer leaves. The Indians bake this heart in 
coals for eight or 10 hours, when it acquires an exceed- 
ingly sweet taste, much like honey. The Mexican?, 
also, prepare from this baked mescal an alcoholic bever- 
age. The fact of this substance turning into sugar by 
simple beat has no parallel io our experience. Speci- 
mens of all valuable plants oolleoted during the survey. 
Including such as are used by Mexicans and Indian* for 
specific diseases, will be subjected to chemical investi- 
gation. The .geograpfc leal distribution of plants affords 
a study of peculiar interest in those regions where the 
altitude changes from 5,000 to 8,000 feet, and on some oc- 
casions, 10,000. Above 6,800 feet there are vast forests of 
pine and fir, and the climate of the eastern mouutalus, 
while below 0.000 feet, is a region where the oactus 
grows. The cacti are especially developed in Southern 
Arizona, where the grand cactus (Gereui gigantcus), 30 
to 40 feet in hight, and three to' four feet diameter, is 
preSminent. Between the region of these caotl and the 
zone of the pine, grows the everywhere prevalent juni- 
per, in higher attitudes accompanied by piilon, u pecu- 
liar cunifer, with an eatable fruit. A large collect ion of 
plants was made in New-Mexico and Arizona. 

CURIOUS BOTANICAL OBSERVATIONS. 
It Is hard to believe that the vegetation of the Dlftins, 
which is so strikingly somber in Its enaemMe, is reallv as 
diversified as that of most other regions of similar area. 
Certain orders, os the Leguminous family about Den- 
ver, or the Cactus family further south, do preponderate 
over the other*, Just as other orders in other places do 
on the remaining plants. But there may bo as many 



species and genera in one piaca as the other, only It re 
quires more than casual observation to distinguish be- 
tween the allied forms. Toe vegetation of the plains 
disturbs all our preconceived ideas of plant life by pre- 
senting an extraordinary class of representatives. The 
physical conditions are Just as peculiar as the plant life 
One Is the exact measure of the other. Imagine a vast 
open expanse absorbing, without the protection of a* 
Intervening foliage, mo6t of the sun's rays, and from 
waut of aqueous vapor in the air parting with that heal 
as readily at night, and the reason why our familiar 
forms of plaut life are crowded out of existence Is ob- 
vious. They are unable to endure an alternation of tem- 
perature so extreme and so rapid. 

The mountain flora is especially fresh and attractive, 
and up almost to the limits at which flowering plants 
grow the luxnrlanco and beauty of the vegetation ore 
woodorf il. Uuder the great diversity of physical con- 
ditions furnished by the deep shade of the pine woods, 
the sunny valleys, the rooky slopes, and the enow-red 
Alpine boes, plants seem placed where every tendency 
they may have to vary is intensified, and it does not in 
the least surprise one to see some of our beet-known 
forms going off in all sorts of unexpected developments. 

The hesc agricultural regiou visited by the botanist 
during the past season was the San Lnis Valley. While 
much of it is barren and unpromising, much more is 
oapable of raising good crops after irrigation has been 
practiced. The portions bordering some of the creeks 
are absolutely covered with the most luxuriant growth 
of grasses and sedges. Indeed in many plaoes one may 
ride a mile through the gra*s without the animal be lug 
seen among the tall grass. The following facts show 
plainly the productiveness of the soil • 

Yield per Weight Yield per Weight 

Acre. per bush, 
bush. lb. 

Oat*. 40 to 50 40 

Barter 40 55 

Bald "Barley 50 75 

Turnips, onions, beets, cabbages, and radishes grow 
to an immense size. Along the Rio Grande, in the south- 
ern portion of the valley, all our familiar garden 
vegetables were readily raised. 

Toe foot-hills and higher mountain ranges back of tbese 
have much valuable pine and spruce timber growing upon 
them, but it is probable that ere long the «m»ater needs 
of a rapidly increasing population will have exhausted 
the supply, and it might therefore be wise in Govern- 
ment to become an active participant in the rage for 
timber planting which is so prevalent in portions of the 
West. 

In certain places the curious fact was observed, thai 
trees attained their maximum hlght and diameter just 
before the level of timber-lino was reached and sud- 
denly were reduced (the same species) in sise, disap- 
pearing entirely a few hundred feet higher up. 
METEOROLOGICAL WORK. 

A system of observations with the barometer and pry- 
chrometer, combined with a Journal of onr meteoro- 
logical phenomena and observed peculiarities of climate 
and olliuatic influences is adapted to the fixed stations 
at the antronomioal basis, and to the movable stations 
of the various field parties. A voluminous record is that 
accumulated, coiitainlog tbe elements of much informa- 
tion upon points important to the survey, the elimina- 
tion of which, from the mass of figures. Is a labor of no 
trifling character. The primary object of tula record 
is the barometric determination of the relief of the 
country traversed, no other means eufflolug except If 
supplement this general plan* 



Yield per 
Acta. per 

bo*h. 15. 

Wheat SO 6.1 to 68 

Potatoes. ,2M) to SOO bnah. .. 
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Prom the fixed bases of the baroasetrto stati o n s tbe 
theodolite and spirit level give local relative altitudes 
with great exactness; the coarse of streams, the dip of 
strata, and even the character of vegetation contribute 
hypsometric facts in more or less certain figures. And 
all these sources of information are nliiized, but alti- 
tudes so determined are onlv relative and must be lixed 
by the primary determination by the barometer, which 
offers a oonumou reference for the survey. In reducing 
and computing the numerous observations, they are 
treated in accordance with the latest auiboritutlve views 
upon barometiio hypsometry, and the altitudes so de- 
termined will give tbe relief of the couutry very satis- 
factorily. 

Toe Record furnishes statistics of temperature, humid- 
ity, rain, snow, and nil facts relating to the climate of the 
couutry which could be collected. This Information will 
be published in the condensed form of tables, with suoh 
an analysis of the barometric readings as will best ex- 
hibit tbe action of the forces at work. It Is hoped that 
by a careful arrangement of tbe data, material may be 
presented for further meteorological investigation and 
assistance rendored in determining the laws of utmo- 
spherlo movement and tbelr influence upon the ba- 
rometer. 

NATURAL HISTORY. 

In 1871, tbo celebrated Collector F. Blsohon, assisted 
by Drs. Hoffman and Cochrane, made abundaut aud 
valuable collections in tbo line' of entomology, botany, 
ornithology, Ac., many new species of Coleoptera being 
found. In ornithology tbe contribution was valuable in 
numbers as well as in embracing mauy forms rare and 
new. Similar results were obtained as to serpents aud 
reptiles. An extensive herbarium of the region visited 
was obtained. Unfortunately, however, these collections 
were rendered partially valueless by tbe Chicago Are, in 
which the note-books were lost and Sir. Biscboff himself 
peris bed. 

In 1872 the servloes of Dr. H. C. Yarrow, TJ. 8. A., of 
eminent ability ootb as a surgeon and a naturalist, were 
secured, with Mr. H. W. Henshaw as an assistant, and 
Mr. M. 8. Severance as an ethnologist. The party under 
Dr. Yarrow took the field early in the season, their 
labors resulting in a collection of 800 birds, between 800 
aud 400 reptiles and a large number of flab, insects, 
plauts, Ac. whlob, on examination by competent natu- 
ralisis, proved fruitful lo tbe way of elucidating many 
points with reference to geographical distrl ini- 
tio u. A large botanical collodion wu6 also made. 
Particular attention was paid to ethnology and phi- 
lology, and numerous rare crania wore added to the ex- 
tensive collection of the Army Medical Museum, while 
to the Smithsonian Institution were contributed num- 
bers of specimeus illustrative of tho manners and cus- 
toms of the rapidly decreasing tribes which inhabit the 
section visited, together with several vocabularies of 
Iudian languages. Tbe crania In question have already 
served a good purpose, not only in the way of materially 
increasing the number of Interesting specimeus to be 
found in the national collections, but also as a means for 
the comparative study of the subject of craniology. 
The vocabularies will form part of an extensive work on 
Indian languages now in course of preparation by the 
Institution. 

NATURAL HISTORY COLLECTIONS IN 1873. 
The expedition of 1873 took tbe field June 1, and thongb 
the period of its operations was greatlv curtailed by rea- 
son of the early close of the season, the result wa« a col- 
lection never, per hups, exceeded either lo tbe number or 
TaJue of the specimen*, by any made in tbe same 



length of time and under similar difficulties. It era- 
braced 1.200 birds, among which many were entirely 
new, and was fruit ral in tbe way of nests, 
ergs, fish, reptiles, Ac. In botany the field 
was especially large, and included many rare and valua- 
ble specimens. Perhaps no larsrer collection of the kind 
was ever secured in a single season in the Western 
region. It required tbe services of four of the most dis- 
tinguished botanists to work up the specimens. A pre- 
eminently superior collection In ethnology was another 
of the valuable contributions of this year. The party 
during this teas an consisted of Dr. New« 
berry, Dr. Bothrook, Mr. Henshaw, Prof. Wolfe, 
and Dr. Loew. The collections were safely 
transmuted to the Smithsonian Institution, 
for competent examination by the collaborators of that 
establishment. As to tbe birds collected during this 
period, tbe gratifylngl assurance h.is already been re- 
ceived from the eminent oruituolojisr, Prof. Bjird, that 
many of them were in such splendid ooudltlon as to 
justify their belug aeuc to Europe to be mounted 
tor exhibition in the national museums. Reports 
on these collections will be embodied in a quarto 
volume, with illustrations of the rarer forms. Taj ser- 
vices of Dr. H. C. Yarrow have been secured by Lieut. 
Wheeler for tbe work of 1874. Mr. Hjnshaw is re- 
tained as bis assistant, being au eminently successful 
collector in ornithology. Dr. Bothrook, skillful in bo- 
tanical collection, will have charge of that depsrtment 
of research. Many other specialists have been invited 
to join the expedition. 

PHILOLOGY AND ETHNOLOGY. 

Most valuable data tor future eln*>r»ttion have been 
secured for the students of philology and ethnology. 
Many vocabularies have been recorded by the efforts of 
members of tho Expedition, according to the Smlthso- 
niau blanks, forms, Ac, from the Utes, Pah-TJces, Jase- 
Utes, Apaches, Navajos, Pueblos, Mojaves, and others, 
all of whom should probably be classified as one great 
family, their customs, language, and habits being in 
some respects very similar. Many ancient mounds have 
been thoroughly explored, and their interesting con- 
tents will without doubt afford us valuable and instruct* 
ive facts. In regard to races long passed away from this 
earth. In some, skeletons, arms, mills, and war- 
like implements have been found; In others 
the sole contents were pottery and debris. 
Many very interesting photograph* .have been taken 
representing the various Industrial arts of the present 
Indians, the cliff dwellings of the andent Pueblos and 
Mojaves ; and the villages -of the present day in which 
houses and even villages are built one on top of 
ano'tber, and are reached by long ladders, affording 
ample means of defense from the more predatory tribes. 
Iu addition to these pictures, others, and probably the 
most valuable of all, have been takjn showing the an- 
cient (hieroglyphic rook- writing of the Indians. Those 
have been placed In the bauds of ProT. H.» Allen of 
Philadelphia, who will undertake to decipher them and 
furnish a report. Many interesting facts have been 
collated in regard to the customs, religious cere- 
monies, traditions, and modes of living of the 
different tribes, and will be duly published. 
A valuable collection has been made of clothing and im- 
plements. 

PHOTOGRAPHS AND PUBLICATIONS. 

Mr. T. H. 0'8ulHvan, well known In connection with Ms 
work on the Fortieth Parallel Survey and Darlen Cxpe 
ditlon, was tbe photographer of the survey for the sea* 
sous of 1871 and '73; Mr. Won. Dell of Philadelphia In 
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1873. The principal uses of photographs are for 
.the topographers m obtaining an idea of the 
structural features, and for the geologist. Copies of 
photographs taken were forwarded to the Vienna Expo* 
sition, and some few have been printed for the use or 
the War Department ; but as yet no general distribution 
has been made, although tbe views secure 1 are in many 
vases of peculiar interest. The series are of the laud- 
scape and stereoscope siz33 ; the subjects are various 
parts of Utah, Nevada, California, Arizma. and New- 
Mexico. There is also a flue suite relating to the canons 
of the Colorado, a selection of whioh, of the landscape 
slse, will tie brought before the public at an early day. 
In his annual report to the Chief of £ agineers Lieut. 
Wheeler proposes to group the material at his disposal 
into the following forms : 

1. Six quarto rolumes. 

2. One topographical and one geogrsohlcal atla*. 19" bv 24". 

Vol. 1 la to include the general report concerning the expedition of 
1871 and 1872. d><*crib.ng the countrv trarerseJ. facts relating to lta 
indostrlei, toe condition of present and extinct anor a\nm trio**, fee. 
The text-matter will aggregate about 250 page* and 12 plates In Illus- 
tration. 

VoL 2 will comprise tbe srstemat'c report upon the longitude and lati- 
tude eairp ilgns of 1871 and 1872 in their due order of cequ«nce, and, 
If sufficiently delaved before goin» to press, can receire in «d .it ion the 
resulta from tbe field season of 1873, including the establishment of the 
observatorr. and the m>re matured plan for a eomprehensre system of 
aatronojiical determinations in the area west of tbe one-hundredth 
meridian. This volume will not exceed 250 pagea. with bat few addi- 
tional plates. 

Vol. 3. This rolume will emhr ice the collected data from a very Urge 
number of hourly stations, snd from moceorolo/lcal recorJ connected 
with altitude work. illu«tratod by various tables snd plates. The text- 
matter will not exceed 50 p tges. ' The tables and plates will oumplete a 
Volume of moderate thickness. 

Vol 4 will contain the fiuishcd report of the geological work for the 
years 1871 and 1872. The sections will appear in imm *li ate con- 
nection with the text. Tbe aixe of this volume will not differ greatly 
from 223 pages, increased br a few geoloxical plates. 

Vol. 6. This rolume. koown to be the one upon " Pabvontologr," 
will contain a report and. numerous nlatea of tbe new vertebrate and 
invertebrate foosils, for tin rears 1871, 1872. and 1873. The pages 
of text matter will not exceed 100. and the plates for illustrating new 
subjects probablr not more than 50 or 60. 

VoL 6. This last volnnn of the series will render tbe matured results, 
for tbe yean 1871, 1872. ar.d 1873, In the different branches of 
natural history, the manuscript matter for which will call for at least 
200 pages of quarto text and several plates. 

The following maps have already been published for 
general disrnbutiou. In 1869, map of South-eastern 
Nevada, l inch to 13 miles; 1871, preliminary map, 1 inch 
to 24 miles; 1872, preliminary map, 1 inch to 24 
miles. Advanced copies of Atlas publication are 
now ready. The finished work appears to be of the 
best that has been executed in this country. Besides 
the preliminary shoets* there will be four full atlas 
sheets presented as photographed, in orayon and in 
colors, accompanied by an index sheet aud general topo- 
graphical sheets, progress m p, and a map showing the 
areas of drainage and the several basins of the territory 
west of tbe Mississippi. This edition will be made as 
large as the funds of the Survey will admit, but is uot 
exp&ted to meet the constantly incroa*iug deumud for 
trustwortby maps of thU section of the country. It is 
intended, to have one topographical and oue geologioal 
atlas. 

The barometric profiles gathered by the observers 
over the numerous routes of travel followed by the sur- 
veying parties are numerous. The limited working 
force of the office does not admit of their preparation 
for publication at present. 

LOSSES BY DEATH— THE MURDER OF LORING. 
Coosideriug the fact that the several expeditions num- 
bering each year from 126 tof200 men. have traversed 
these remofsVaud inhospitable regions, where want of 
water, heat, danger from hostile Indians, etc., render 
the tenure of life often precarious, it may be considered 
remarkable that only six deaths have occurred, three of 
which ware caused by the murderous hand of the 



Apaohe. In 1871, in the well-remembered stage mas- 
sacre near Hiokenburg, three members of the expedition 
or that year sold tbelr lives dearly, ^ne of Uiein was 
young Lorlng, a writer of rare ability and jp "onilse ; 
another, Mr. HtmeU, chief topographer to the expedi- 
tion ; tbe third, Mr. Severn, a prominent member 
of the iwat expedition of that year— all serious losses to 
the Survey. During this year two guides were lost In 
the Death Valley region, and it is supposed rhat tbey 
perished, no information to the contrary having as yet 
been received ; at the time of their loss strenuous effort 
was made to discover them, but without avail. In 1872, in 
Farla Creek. Utah, one gentleman was drowned. Dur- 
ing the past season Mr. William W. Maryatt, a most 
prominent astronomioul observer, died at B<>semnn. 
Montana. Or her accidents inevitable in a life of so 
much toil, privation, ami adventure, have occurred, but 
no others were very serious. 

DETAITJS OF ORGANIZATION. 

To secure an economical aud yet thorough prosecution 
of tbe work intrusted to his charge, it is proposed by 
Lieut. Wheeler that the unit or force in any given are* 
shall oonslst of three fljld parties, with at least one offi- 
cer in executive charge, one to be known as the trianvu- 
Ution party, tbe others as parties for collecting topo- 
graphical, meteorological, geologioal and other data. 
Those parties will carry on their operations in lines 
nearly parallel and make a thorough trigonometric con- 
nection over the entire district surveyed. 

For the main astronomical work there will be three 
distinct parties ; one to occupy the central and connect- 
ing station at Ogden, Utah, to be in charge of an engi- 
neer officer; a seooud to oooupy points accessible by 
railroad communication within the area west of the 100th 
meridian, and a third lightly equipped for duty away 
frotn the railroad connections, yet at points wh-Te: the 
telegraph has penetrated. The parties so organised 

would consist of 

Ono officer, In charm. 

Officers in charge ©• parties and as assistants. 

Three civilian astronomical assistants. 

Biz civilian topographical assistants (including meteorologtcalaObaarra- 
tion). 

Four drtlisn geological assistants, 

One naturalist and three assistants. 

Ooe photographer. 

The following officers and civilian assistants nave boon 
connected witii tun 8 n-vy: 

Lieut. Geo. M. Whooler, Corpi of Engineers, in charge. 

Lieut R. L. Hoxle, Corps of Engineers. 

Li*nk Win. L. Mar hall, Corps of Engineers. 

Lieut. 8. E. Tillman, Corp* of Engineers. 

Lieut An irew H. Russell, SJ U. H. Cavalry. 

A. A. Surgeon H. C. Yarr.»w, U. 8. A., naturalist 

A. A. Burgeon J. T. Ro:broc». U. 8. A., botamst 

A. A. Burgeon C. O. Newocrrr, U. 8. A. 

Ho»oltal Steward T. V. Brawn. U. S. A., meteorological observer. 

Civilian Assistant John H. Clark, astronomer. 

Civilian Assistant Dr. F. Kimpf, astronomer. 

Civilian A*»i*tant T U. BnlTord, astronomer. 

Civilian Assistant Wm. VV. Marratt, astrojomar. 

Civilian As4staut Louis Hell, triangnlatio i and chief topographer. 

Civilian Assistant Gilbert Thompson. topographer. 

Civilian Assistant Joho J. Young, topographer. 

Civilian Assistant Max Schmidt, topographer. 

Civilian Assistant K. J. Fo nm«*r, topographer. 

Civilian Assistant R. J A ins worth, ajMistunt topographer. 

Civilian AssistantJ. B. Weyss, topographical draughtsman. 

Civilian Assistant Charles Herman, topographical draughtsman. 

Civilian Assistant A. A. Agnirre, topographical draughtsman. 

Civilian AssistantJ. C. Lang, topographical draughtsman. 

Civilian Assistant O. K. Gilbert, geologist 

Civilian Assistant Prof. J. J. Stevenson, geologist 

Cirilian Assistant E. B. lion ell. geologist 

Civilian Assistant Dr. Oscar Limjw, mineralogist and inalvtlcal chenuit 

Cirilian Assistant H. V. Hetuhaw, ooliector (ornithologv). 

Civilian Assistant J >hn Wolfe, collector (botany). 

Civilian Assistant Ge irge M. fcteasby, ooliector (palssonlologrK 

Civilian Assistant T. H. O'Sul Irani p lotogrnnher. 

Civilian Assistant C. D. Ge. ney, meteorological assistant 

Civilian Assistant F. M. Lee, meteorological as.dsUnt 

Cirilian Assistaat Bernard Gilpin meteorological sssi*i->ut 

Civiliau Assistant FrfcBeisKutt, disbursing clerk and assistant topo- 
grapher. 

Civilian Assistant Geo. M. Lookwood, property and purchasing clgrsj 
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Among those who have a*sl*ted la clabo.-atlng tbe re- 
sults of the. Survey, especially tbe uutural history, may 
be mentioned the follow Imp students of science : 

Prof. 8. F. B«ir.l, Prof. O. C. Msr-h. Prof. B. D. Cooe, Prof. H. Allen, 
Prof. G. W. Tmm, jr.. Prof. A. A. Veir 11, ProL T. P. James, Prof. 8. 
T. Diner. Dr. O. A. Vaser, Mr. W. H. Kdvrxrda. Piof. Cyrot Thomas, 
Mr. B. H. {Stretch, Mr. Tbeo. L. Mead, B iron Oiteu-Sacken, Prof. B. T. 
imcoi, Prof. P. 8. UMer. Dr. B. Cooes, Pro! Wm. Hold en, Dr. J. J. 
Woodward, Dr Qoo. Oti», Mr. W. G. Binnrv, Prof. Q. A Allen, Prof. 
A*aGrav. Mr. H. Uike, Mr. J. 8. Milner, Mr. Q. Brown Goode, 
Pit t *L A, Hagen, Mr. J. H. Emcrton. and many others. 



THE EFFECTS OP ALCOHOL. 



AN ADDRESS BY WM. A. HAMMOND, M. D. 

INAUGURAL ADDRESS ON ASSUMING TUB PRESIDENCY 
OF THE NEW-YORK NEUROLOGICAL SOCIETY— 
DELIVERED MONDAY, MAY 4— THE EFFECTS OF 
ALCOHOL ON THE NERVOUS 8Y8TEM, ILLUS- 
TRATED BY EXPERIMENTS ON MEN AND ANIMALS. 

The New-York Neurological Society met on 
May 4, at the College of Physicians and Sur- 
geon*. A large number of prominent physicians were 
present, among whom were Prof. L. A. Sayre, Prof. 
Willard Parker, Drs. Lente, J. C. Peters, D. 
B. St. John Roosa, Meredith Clymer, Murray, 
and others. The occasion was the delivery of the 
inaugural address on tbe " Effects of Alcohol," by 
Prof. William A. Hammond, as President of the 
Society. He was frequently interrupted by applause, 
especially when displaying the delicate test for 
alcohol in the liquor distilled from the brain, spinal 
cord, and nerves of a labbit which had been fed on 
alcohol for several days and then killed. Tbe 
following foreign physicians were elected honorary 
members of the Society : Drs. John W. Ogle, B. W. 
Richardson, G. Fielding Blandford, J. Hughlings 
Jackson, F. E* Anstie, J. Russell Reynolds, Henry 
Mandsley, and H. Charlton Bastian of London ; Drs. 
T. Clifford Allbnt and J. Criohton Brown of Leeds, 
Eng.; Drs. Labbadie Lagrave, A. Brie're de Boismout, 
J. Baillarger, and G. B. Duchenne (de Boulogne) of 
Paris; Di 8. Albert Eulenjberg and C. Westphalof 
Berlin, and Dr. Thomas Laycock of Edinburgh. A 
short discussion followed Dr. Hammond's address. 



THE ADDRESS. 
Gentlemen: In returning thanks for the 

honor you have conferred upon me, in electing me to the 
presidency of the New-York Neurological Society. I must 
congratulate you on the auspicious awakening Into life 
which the Society has exhibited. With a roll of mem- 
bers which in numbers and eminence would be worthy 
of any society in the country, It enters upon tbe self- 
appointed task of studying the soienoe of medicine in 
all its relations to the nervous system. 

INCREASING LIABILITY TO NERVOUS DISEASES. 
If there is any higher scientific labor than this lor a 
physician to perform I do not know what it Is, and Its 
, Importance augments dally with tbe advance of civiliza- 
tion and refinement, those great factors which do not 
stop at promoting man's intellectual and physical 
development, but which, as If every good 
thlog must have its atteudant evil, render 
htm more liable to a class of diseases 
before which all others are of secondary rank. The 
thought whioh the statesman or the scientist elaborates ' 



from his bruin, and which mav be of momentous weight 
in the affairs of mankind, often leaves him who gave it 
birth with weakened or perverted mind, or the prey of 
some pHinful affection which of Itself makes life a bur- 
den. The youth who, by ambition or the constant spur- 
ring of bis teacher*, is induced to make Inordinate men- 
tal efforts to attain distinction, breaks down mentally 
and phvsicnlly in the attempt, or el?e gains his object 
at a cost to his nervous system which is a dear price for 
any possible eminence he may thereafter reach. Not 
long ago I cut from a daily newspaper nn advertisement 
of a nchool near this city, in which it was set forth as 
tbe sole inducement to parents to send their sons to rhe 
Institution in question that at it " boys were waked up 
and set agoing." I thought then, and I often think now, 
of the anguish in store for some of' the " dull boys" 
whom tbe teacher, doubtless with tbe best intentions, 
may " set agoing." The nervous irritability, the head- 
aches, tbe sleeplesaness, the confusion of ideas, the en- 
feebled body, tbe premature old age, the early death — 
not, perhaps, before the Intervention of some organio 
disease of the brain or other part of the nervous organ- 
ization—which a forcing srstem is apt to produce, are 
but a poor return for the doubtful honor of being 
" waked up and set agoing"— to say nothing of the 
lamentable failures attendant upon tbe process. 

I might go en and invite your attention to many other 
ways in which civilization affects for good and for evil 
those organs which In their full development place man 
at the head of all created beings, but I am Induced by 
the preeminent Importance of the subjeet, to limit this 
address to tbe effects of alcohol upon the nervous sys 
tern. I think I was one of the first to study the influence 
of alcohol upon man, from the standpoint o p careful and 
exact experiment. In the year 1856 I instituted a series 
of investigations on myself which yielded definite re- 
suits, and which placed in a very clear light the evils 
and benefits of the powerful agent under consideration. 
These related to the general influence of alcohol, and it 
may be well as a preliminary to the special subject of 
inquiry to consider, somewhat in detail, the subject of 
that study, and of the researches of others who have 
pursued a similar line of research. In so doing I shall 
draw largely from a former publication, not now readi'y 
accessible. 

THE USB OF ALCOHOLIC BEVERAGES. 

The propriety of the use of alcoholic liquors as bever- 
ages, tbe lecturer said, has been a subject of discus- 
sion for many years past, and is at the present time en- 
gaging a great deal of attention. Paw, however, who 
have participated in it have considered this matter 
in its true light, and this is especially true of the 
advocates of total prohibition who have generally in- 
dulged in invection instead of argument, and whose 
facts are based mainly upon tbe Immoderate use of 
the agents in question. No one can deny that alco- 
holic liquors, when imbibed in excessive amount, are 
not only inlurious to the individual who takes them, 
hut are also in the highest degree ruinous to society. 
We can even go further and admit that there are cer- 
tain alcoholic compounds— such as the distilled liquors* 
brandy, whisky, rum, Ac— which, when taken habit- 
ually even In moderation by healthy persons, exert 
a more or less injurious effect, varying aocornlng to tbe 
quantity Imbibed and the constitution and temperament 
of tbe individual. It is also undoubtedly true that even 
fermented liquors— ale, wine, porter, Ac— when used in 
excess, lead to results in many oases which are decidedly 
abnormal in character. And it is not to be questioned 
that the habits and mode of life of a great many persons 
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are such that not only is do stimulant of an alcoholic 
character requisite, but any such stimulant even when 
taken In very small quantity acts in a maimer prejudi- 
cial to i he well-being of the organism. 

But it is Illogical to argue from the excessive use of 
spirituous liquor* by all persons, to the moderate use of 
some person?, and I shall endeavor to point out In what 
the difference consists, for tbiit alcoholic liquors are not 
only beneficial to* but are actually required by certain 
classes of individuals, is not, I think, a matter for doubt. 

The experiment* of Dr. Percy have been often 
brought forward as proving something in regard to 
alcohol whloh whs not true of any other substance. 
This observer Injected strong alcohol into the stomachs 
of dogs. The quality ranged from two to six ounces. 
Death followed, and upon examining the blood 
and brain for alcohol. It was always fouud. The 
presence of alcohol in the blood and brain, to 
those who look superficially or ignorantly at 
the matter has rather • a horrible aspect ; but 
when we know that there i6 no substance capable 
of being absorbed by the 'stomach and intestines which 
cannot also by proper means be detected in tbe blood 
and viscera, the subject loses much of its striking char- 
acter. Dr. Percy used alcohol of 85° specific gravity, 
which represents a mixture contaluing about 80 per 
cent of absolute alcohol.* As the strongest brandy con- 
tains but about M per cent of alcohol, the concentrated 
character of the liquor used by Dr. Percy la at once seen. 
, In one case six ounces were injected into the stomach of 
a dog—a quantity amply sufficient to cause death in an 
adult man. The amount of essential oil present in 
onions is far less in proportion than the quantity of al- 
cohol contained in the mildest wines, and yet we cannot 
eat one onion without this oil passing Into the blood and 
Impregnating the air exhaled in respiration with its 
peculiar odor. Doubtless the brain of a person who had 
dined heartily on onions would exbale the character- 
istic odor of the vegetable. 

EFFECT OF DOSES OF ALCOHOL. 

Many other physiologists have detected alcohol in the 
blood and viscera of animals after its inject! m iuto the 
stomach. I have several times performed experiments 
with reference to this point, and have never failed to 
recognize the presence of alcohol in the blood, brain, tbe 
stomach, expired air, and urine or does to which I had 
administered strong alcohol. But with liquors contain- 
ing from 8 to 15 per cent of alcohol, such as the German, 
French, and Spanish wines, I have never been able to 
find it in the solids, though detecting it easily in the 
products of respiration. It is not to be doubted there- 
fore that alcohol, like other substances, is absorbed into 
the blood and exerts its influence on the system through 
the medium of this fluid. Pare alcohol is a violent poison. 
In the dose of le*s than one ounce I have seen It cause 
death iii a medium-sized dog, and many cases are on 
record of fatal effects being immediately produced in 
the human subject after comparatively small quantities 
had been swallowed. When diluted its effects are not so 
rapidly manifested, and from this form when taken In 
sufficient qnan tips the condition kuown as Intoxication 
is produced. Previous to this point being reached the 
nervous and circulating system becomes excited, tbe 
mental faculties are more active, the heart beats fuller 
ana more rapidly, the race becomes flushed, and the 
sense* axe reudered more acute in their operation. If 
now the further ingestion is stopped, the organism soon 
returns to Its former coudltion without any feeling of 
depression being experienced ; but if the potations are 
continued, the complete command of the faculties is lost ' 



and a condition of temporary Insanity Is pro 1 need. If 
further quantities be imbibed a state of prostration, 
marked by coma and a complete abolition of the power 
of sensation and motion follows. Suoh Is a brier outline 
of the obvious symptoms which ensue upon the use of 
alcoholic liquors In considerable quantities. When taken 
in amounts less than are sufficient to lnduoe any marked 
effect upon the circulatory and nervous systems there 
is, nevertheless, an influence which is felt by the Indi- 
vidual, and which Is mildly excitatory of the pbvstoil 
and intellectual faculties. But there are other result* 
wblcb follow the use of alcohol I io liquors which are not 
obvious to ordinary examination, and whlcb, except in 
a general way, are not perceived by the subject himself. 

We kuow that a certain amount of tissue is decompose-t 
with every functional action of the organ to which it 
belongs. Just as steam results from the combustion 
of fuel, so thougbt results from the combustion of gray 
nerve tissue, motion from the combustion of muscle, and 
the force to secrete bile, from the combustion of the sub- 
stance of tbe liver. We know very well that if fresh 
fuel is not supplied to the engine from time to time 
steam ceases to be formed, and the machine set in mo- 
tion by it no longer works. The like is true of the body, 
and were it not for the formative processes wbloh are 
contiuually going on whereby new material derived 
from the force is deposited to take 'the place of that 
whloh is consumed, death would very soon result. It 
must be distinctly understood, however, that ordinary 
food does not directlr furnish any force Inherent in the 
body, but tbat it must first be converted Into flesh and 
brain and heart, etc., from the destruction of whish 
organs the force pec uliar to each Is evolved. The pro- 
cess by wbioh food is converted into tissue is called pro- 
gressive metamorphosis, and that by whicb the tissue of 
organs is converted into force Is called regressive meta- 
morphosis. 

USE OF ALCOHOL IN DELATING THE DESTRUCTION OF 

TISSUE. 

Now it Is often advisable to diminish the destruction 
of tissue without, at the same time lessening the f«»rc* 
which would otherwise be derived from its full continu- 
ance, or it may be necessary to obtain a great amount 
of force from an Individual in a limited period. In alco- 
hol we have an agent whlcb, when Judiciously ujed, en- 
ables us to accomplish both these ends, together with 
others scarcely less important, which will be alluded to 
more at length hereafter. The action of alcohol, in lim- 
iting the destructive metamorphosis of tissue, wi.l be 
best illustrated by an example. ' Lst us suppose that a 
workman laboring twelve hours a day upon a diet con- 
sisting of 10 ounces of meat and 16 of bread, finds that he 
loses weight at the rate of one ounce a day. Now in 
order to preserve his health and perhaps even bis life, 
he must either take more food or he must 
lessen the waste of his tissues. Meat and 
bread are expensive, and be fluds it 
difficult to obtain them; or, what Is not at all improba- 
ble, the quantity that he ears is as much as he has any 
appetite for or can digest. Tbe alternative presented to 
him is to work less. If he is his own master this would 
be an excellent way of getting rid of the difficulty. He 
would shorten the period of his labor to ten hours, and 
then, instead of losing weight, he would hold his own, 
or perhaps gain an ounce a day. But It may be that this 
alternative is not open to him— he must work 12 hours a 
duy. In this condition of affairs he takes a mug of porter 
or a glass of wine, or, what would be worse, a dram of 
whisky, after his midday meal. He finds that he is 
ploasantly exhilarated, his vigor Is increased* and 
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he labors on to the close of his task contentedly; 
and. wnen it is concluded lie is more cheerful 
and less fatigued tliHn he has been before, when hte 
day's work was ended. He returns to his home, and on 
weighing himself tiads that be has toft but half an ounce, 
fie repeats bis experiment* the next da)-; like results 
follow, and when he weighs himself he finds 
that ho 1ih8 lost nothing. The Inference, there- 
fore, is that the beverage he has imbibed 
has retarded the destruction of his tissues, nnd 
has itself aided In supplying the material for the devel- 
opment of the force he has expended in his labor. Now, 
it may be supposed that this is altogether a fancy pic- 
ture based only upon assumption, like too many others 
which encumber science. In science* however, we be- 
lieve nothing which is not demonstrated, and even then 
we do so provisionally, with the full understand- 
ing that if to-morrow new facts are brought 
forward which appear to be Inconsistent with those upon 
winch u favorite theory rests, and which are of greater 
weight, the hypothesis shall be Abandoned without hesi- 
tation. Let us see, therefore, what evidence we have 
to support the view that alcohol retards the destruc- 
tion of the tissues and supplies material for the genera- 
tion of force. One of the products of tissue metamor- 
phosis is carbonic add. Many years ago Dr. Prout ascer- 
tained that after the use of alcohol the amount of car- 
bonic acid excreted by the lungs was considerably re- 
duced. Within the last few years other invesrigM tors 
have arrived at similar conclusions, after extending 
their inquiries to the other excretions of the system. 
DR. HAMMOND EXPERIMENTS ON HIMSELF. 

Desirous of ascertaining the facts for myself, I insti- 
tuted a series of experiments calculated to determine 
the real value of alcohol as an ailment, or a substitute 
for aliment. Perceiving the difficulties attendant on 
such investigations when conducted on other persons, I 
perfoi med these experiments on myself. Ttiey consisted 
of three series : 

First: The influence of alcohol when the food was just 
sufficient for the wants of the organism. 

Second: When it was not sufficient. 

Thvrd: When it was mote than sufficient. 

Four drachms of alcohol diluted with an equal quan- 
tity of water were taken at each meal. Not being an 
habitual drinker of alcoholic liquors In any form, the 
experiments were not opeu to the objection that they 
were perform od upon a person hurc!?uei to tiie use of 
intoxioating beverages. 

During the first series, when the food was of such a 
character and quantity as to maintain the weight of the 
body at Its normal standard, I found, as the result or ex- 
periments continue;! for five days, during which time 60 
draohras of alcohol had been taken, that the weight of 
my body had increased 226.40 lb to 226.86 ft, a difference 
of .46 lb. In the same period the amount of carbonic acid 
and aqueous vapor exhaled from the lungs, had under- 
gone diminution, as had likewise the quantity of 
other excretions. 

While these experiments lasted, mv general health was 
somewhat disturbed, my pulse was Increased to an aver- 
age of 90 per minute, and was fuller and stronger than 
usual, and there was an indisposition to exertion of any 
kind. There was also headache and a sensation of in- 
creased heat of i he skin. Later experiments, however, 
show that alcohol does not actually increase the heat, of 
the body ; no that the sensation of heat preseut after its 
n*e is one of those abnormal manifestations of nerve 
action met with in several other conditions of the 
sretem. 



The inference to be drawn from these experiments 
certainly is that where the system is supplied with an 
abundance of food, and where there are no special cir- 
cumstances existing which render the use of alcohol 
advisable, Its employment as a beverage is not to be 
commended. But there are two facts which cannot be 
set aside, and these are that the body gained in weight 
and that the excretions were diminished. These phe- 
nomena were doubtless owing to the following cau«e. 
First: The retardation of the decay of tho tissues. Sec- 
ond: The diminution in the consumption or the fat of 
the body. And Third : The increase in the assimilative 
powers of the system by which the food was moie com- 
pletely appropriated and applied to the formation of 
tissue. Tito quasi morbid results which followed are ju*t 
such as would have ensued upon the une of *n excessive 
fmount or food or the omission of physical exercise 
when the body has become habituated to its use. If I 
had increased the amount of exercise taken there is no 
doubt there would not have been the undue excitement 
of the circulatory and nervous systems thac was mani- 
fested. 

The truth of these propositions Is demonstrated by 
the second series of investigation?, during which the 
food ingested was such as I had previously ascertained 
involved an average decrease in the weight of the body of 
.28 of a pound dally. Under the use of the alcohol not 
only was this loss overcome, but there was an average 
increase of .03 of a pound daily. The effects upon the 
exertions were similar to those which ensued in the 
course of the experiments or the first series. 

But, unlike the first series, no abnormal results were 
produced in the general working of the organism. Di- 
gestion was well performed, the mind was clear ana 
active, and there was no excitement or the circulating 
or nervous apparatus! in fact, all the organs of the 
body appeared to act with energy and efficiency. It is 
in similar oases, therefore, that the proper use of alco- 
hol is to be commended ; that is, when the quantity of 
food is not such as to admit of the due performance of 
such physical or mencal labor as may be necessary, or 
(what amounts to the same thin*) when the digestion 
or assimilative functions are not so efficiently per- 
formed as to cause the digestion 'and appropriation or a 
sufficient quantity of the food invested to meet the re- 
quirements of the system. 

In the third set of experiments, in which more food 
was taken than was necessary, the 111 effects of the alco- 
hol were well marked. Headache was constantly pres- 
ent, the sleep was disturbed, the pulse was increased i j 
frequency and force, and there was a general feeling of 
malaise. I am sure that had the experiments of tula 
series been continued I should have been made seriousiy 
ill. Notwithstanding all these abnormal phenoineua, 
the bod j' continued to increase in weight above the ratio 
which existed before the alcohol was taken, and the 
excretions were diminished in quantity. After such re- 
sults are we not justified In regarding alcohol as foodf 
If it is not food, what is it 1 We have' seen that it takes 
the place of food, and that the weight of the bod /In- 
creases under its use. Any substance which produces 
the effects which we have seen to attend on ihe use of 
alcohol is essentially food, even though it is not demon- 
strable at present that it undergoes conversion into tis- 
sue. If alcohol is not entitled to this rank, many *u»»- 
stanoes which are now universally placed in the care- 
gory of aliments must be degraded from their positions. 

A COMPARISON BETWEEN ALCOHOL AND OUMNaUY 

FOOD. 
Alcohol retsnt* ctni destruction or the tissues By this 
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destruction force Is generated, muscles contract, 
thoughts are developed, organs secrete aud excrete* 
Food supplies the material for new tissue. Now, as alco- 
hol stops the full tide of this deeav, it Is very evident 
that it must furnish the force which is developed under 
its use. How It does this Is not clour. But it Is not clear 
how a piece of irou deflects a magnetic needle when held 
on the opposite t-irie of a stone wall or a feu thcr bed. 
Both circumstances are ultimate facts, which for the 
present At least must satisfy us. That alcohol enters the 
food and permeates all tbe Tissues, is satisfactorily 
proven. Lalleniand, Per on, and Duroy contend thac It is 
excreted from the system umilrered. If this were 
true of all the alcohol Ingested, its action would oe 
limited to its effects upon tbe nervous system, produced 
by actual contact with tbe nervous tissues, but there is no 
mure reason to suppose that all the alcohol taken into the, 
fysteni is thus excreted from tbe body than there is for 
supposing tbHt all the carbon taken as food Is excreted 
from skin and lungs as carbonic acid. It is not at all 
improbable that alcohol itself furnishes the force 
directly, by entering into combination with tbe first pro- 
ducts of tissue decay, whereby they are again assim- 
ilated witbout being excreted as urea, urlo acid, Ac. 
Many of these bodies are highly nitrogenous, and under 
certain circumstances might yield their nitrogen to the 
construction of new tissue. Upon this hypothesis, ami 
upon this alone, so far as I oan perceive, can be recon- 
ciled the facts that an increase of force and a diminu- 
tion or the products of the decay of tissue attend upon 
the Ingestion of alcohol. 

With these imperfect remarks relative to the general 
influence of alcohol upon the body, I proceed to tbe con- 
sideration of the special subject of inquiry, the effect* 
upon tbe nervous svstem. Tbe general action of a large 
dose is shown in the following experiment. 
EXPERIMENTS ON DOGS. 

I caused a doer 10 take into its stomach thrae ounces 
of strong alcohol di'.uted with a corresponding quantity 
of water. Immediately on receiving it the animal 
retired to a corner of the room and lay down. At tbe 
end of five minutes I endeavored to make it wulk about 
the ap rt uent, but it did so with evident reluctance, 
though up to tbis time cbe gait was not staggering. I 
should have stated that I detected alcohol in 
the expired air in forty-eight seconds after 
administering the liquid. After eight minutes 
the dog walked wirh some difficulty, and on carefully 
exaunulngthe gait I found that the posterior extremi- 
ties weie beginning to be paralyzed. Tbis paralysis 
gradually increased, the gait became more and more 
staggerlug, and at the end of fourteen minutes the ani- 
mal could no longer stund. The paralysis had now 
reached the anterior extremities. 

Sensitiveness was still present, though evidently 
lessened in aeuteness, loud noises were perceived, and 
ihe eyes were Involuntarily closed when the motion of 
striking v as made before tbem. The respiration was 
hurried, ?.nd the action of tbe heart was greatly acceler- 
ated. The pupils were at first contracted, but became 
dilated in about IS minutes, and remained in tbat con- 
dition throughout the experiment. In 80 minutes the 
animal was in a state of profound coma. Sensibility 
even of the cornea was abolished, the limbs were in a 
state of complete resolution, the respiration was hurried, 
the heart beat rapidly but feebly, and the temperature 
hud fallen from 101°, wnloh it was before the ingestion of 
tlic alcohol, to 98.6°. Tbe animal remained in a comatose 
state, and died in one hour and twenty-two mluutes 
after the Ingestion of the alcohol. 



In this experiment the alchohol was administered ill 
snoh a largi dose that the period of excitation which 
generally follows in a few minutes was altogether pre- 
vented. To the following experiment the quantity was 
smaller, and the sequence of phenomena was mora 
re cm In r. 

I introduced into the stomach of a large dog an ounce 
of alcohol diluted as before. Nothing occurred worthy 
of notice during the first few minutes. Then the heart 
was accelerated, as was also the respiration, aod the 
pnpiis became contracted. Sensibility und the power of 
motion were unaffected. In twelve minutes the gait of 
tbe auimal became uncertain, the limbs were lifted 
higher than was natural, and the body swayed 
from side to side, aod occasionally strong 
efforts had to be made to maintain the erect 
position. The pupils were still contrjeted, and 
sensibility appeared to be Intact. This condition lasted 
22 minutes *nd then the pupils began to dilate. The 
posterior extremities were so far weakened as to render 
locomotion impossible, and the sensibility of the pos- 
terior parts of the body were materially impaired. Tho 
respiration was very irregular. The pulse was still 
rapid, but weaker tban at first. In a little less than an 
hour the animal was in a state of light coma, which 
lasted about 20 minutes. Recovery took place grad- 
ually, the phenomena of intoxication disappearing lo an 
lu verse order to their superveutiou. 

Observation of tbe symptoms which ensue when alco- 
hol in sufficient quantities is gtveu animals shows that 
tbe condition of intoxication may, as Marvaud proposes, 
be divided into these periods or stages : 

1. Period of Excitation— Uncertainty in the move- 
ments, acceleration of pulse and or respiration, contrac- 
tion of tho pupils. 

2. Period of Perverrion— Muscular paralysis, beginning 
in tbe posterior extremities. Irregularity of pulse and of 
respiration, dilation of tbe pupils. 

8. Period of CoUapte— Complete paralysis of motion, 
antssthenia, feebleness of the pulse and of respiration, 
stoppage of respiration and of the heart's action, death, 

Now, I vfaB desirous of knowing how muob of this 
condition was due to the presence of alcohol in the 
brain, and how rauoh to disturbance in the quantity of 
blood normally present in tbis organ. In other words, I 
wished to ascertain whether alcohol increased or 
diminished tbe amount of blood circulating within the 
cranium. For tbis purpose I performed the following 
experiments : 

I trephined a dog and screwed a cephalohalmometer 
into the opening made by the trephine in the skull. 1 
tben administered an ounce of alcohol diluted as in the 
previous exi>erlments. In fifty stcouds I detected 
alodbol in the expired air ; In four and a half minutes tbe 
respiration was accelerated, the action or the heart be- 
came more rapid and strong, and the pupils were begin- 
ning to contract, still there was no Inciease in tbe intra* 
cranial pressure, and I thereforo kuew that up to this 
time the amount of blood on the brain hud not been in- 
creased. In six minutes and a half tbe dog's gait was 
staggering, and though his movements were uncertain 
there was no paralysis. The Intracranial pressure was 
still unaltered. 

The fluid remained stationary in the tube of the in- 
strument till IT mioutes had elapsed. Then it began to 
rise slowly and with this increase in the intra-cranlal 
pressure, paralysis of the posterior extremities super- 
vened. As the amount of blood In the cranium oeuaiue 
greater the paralysis exteuded, the pupil* dilated and 
coma ensued. The return to -Ability and the power 
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ef motion was attended with a diminution of the intra- 
cranial prepare, and was probably directly dependent 
tbereon. I repeated this very instructive experiment 
twice with similar results. The deduotlous to be made 
from them are that tbe first symptoms which result 
from the ingestion of alcohol aro due to the presence of 
whis substance in the brain, while the later phenomena 
are iu part at least the results of cerebral congestion. 
DISEASES CONSEQUENT ON USING ALCOHOL. 

The lecturer then proceeded to show the sequence of 
symptoms in man resulting from taking alcohol into the 
System. This consideration was more particularly applied 
to the effects upon the nervous system, showiug the suc- 
cessive symptoms supervening with increasing amount 
of doses and describing the various stages from transi- 
tory excitement to complete intoxication. The effects 
of doses of alcohol given to animals were noted in de- 
tail. A valuable portion of the address was a discussion 
of the separate conditions of delirium tremens, and of 
the diverse methods of cure indicated by such difference; 
In tbe one class of oase the free administration of 
alcoholic stimulants being necessary to save the patient, 
while in the other class of oases such stimulants would 
only aggravate the disease. The characteristics of 
chronic alcoholism were then discussed, and the various 
symptoms considered. The canses of the destructive 
effects of alcoholic liquors are then investigated and Dr. 
Hammond thinks it probable that their Impurity adds to 
their baneful properties. He goes on to say : It is very 
certain, however, that chronic alcohollo intoxication 
very rarely, if ever, ensues on the moderate use of the 
light German or French wines, or of those made in this 
country, when they are not fortified by the subsequent 
addition of spirit, and that it is still less apt to ensue 
from tbe temperate use of malt liquors. The diseases of 
the nervous system, which, in addition to those men- 
tioned, tbe excessive use of alcohol induces, are very' 
numerous. In an address such as this, the most that I 
ean do is simply to enumerate them. When I say that 

% of all other causes Is most prolific in exciting de- 
rangements of the brain, tbe spinal cord, and the nerves, 
I make a statement which my own experience shows to 
be correct. »I have already spoken of the remarkable 
affinity which alcohol has for tbe substance of which 
these organs are composed. Experiments hitherto have 
only related to the brain, but I am able to show you that 
the spinal cord and the nerves likewise absorb alcohol 
to equally great extent. 

For ten days I fed a rabbit largely every day with 
bread soaked in whisky. In the course of that time the 
animal received nearly a pint of good Bourbon whisky, 
and beyond being somewhat stupefied, it did not ap- 
pear to be seriously inconvenienced. At the end of ten 
days the animal was killed. I then removed the spinal 
cord and all the large nerves, and treated them sepa- 
rately with distilled water after cutting them into small 
pieces. They were then thrown upon a filter and 
strongly pressed. The three separate portions of liquid 
extract were then distilled several times, and finally 
i treated with quicklime and again distilled. In these, 
: the test tubes, I have the products. This marked A is 
the distillate from the brain ; this marked B la from the 
spinal cord, and this C, which, as you notice Is scarcely 
more than a drop, Is from tbe nerves. 

ALCOHOL IN THE SPINAL CORD AND NBBVES EX- 
HIBITED. 

The odor is of itself almost sufficient to show that 
each consists of alcohol, but we have In the solution of 
bichromate of potash In sulphuric aeid, a more trust- 
worthy test, To show you how delicate it is, I take a 



test tube containing a little of the test and pass Into It a 
current of air slightly impregnated with the vapor of 
alcohol. As you perceive the characteristic reaction, 
the prod notion of a green color at once ensues. 

Now, I take the test tube marked A which contains 
tbe distillate from the rabbit's brain and I allow a drop 
or two of the test liquid to mingle with it. A dark 
green color is at once produced* and it is rendered visi- 
ble to every one in 'the room as I disturb the mixture 
with a little distilled water. 

Next, I take the tube marked B which contains tbe 
liquid derived from the spinal cord. It is smalior in 
quantity than that from the brain, because the cord is 
much smaller than the brain. I pour on It a drop of the 
test liquid, and again you see the bright emerald green 
color Is fonned. 

Finally, we examine the distillate from the nerves. 
The quantity here is extremely small, but the test shows 
it to be alcohol. Bo far as I know alcohol has never been 
before detected in the splual cord or substance of the 
nerves of animals whloh had been fed with it. Neither 
has it beeu found in these organs in man. That It is 
there, however, in alcoholics, there can be no doubt. 

We are now prepared for tbe long list of diseases and 
disorders of the nervous system produced by tbe exces- 
sive use of alcohol. The catalogue is made up from my 
note-books, and is based on cases occurring in my pri- 
vate and hospital practice : 

o» tbb bbatjt. 

Cerebral congestion. 

Cerebral hemorrhage with its eoiiseq assess, apoplexy sad paralysm, 
Meningeal hemorrhage. 
Cerebral thrombosis. 
Softening of the brain. 
Aphasia. 

Acute eerenral meningitis, 
Chronic cerebral meningitis, 
Abtcess of (be brain. 

Multiple cerebral sclerosis, one of those diseases of which tremor is a 
characteristic symptom. 
Brerr rariety of insanity, inetadln/ general paralysis. 

OF TH> BPIJTAL OOBJDw 

Spinal congestion. 

Aatero lateral spinal acleroaia. 

Posteiio-splaal solerosts (Loeomotorataxia). 



cbbsbbo-sfzxai. msbai 

Epilepsy. 

Chorea. 

Moltiplo cerebrospinal sclerosla, aaothetvof those sfleetioas ehaxeeter- 
lsed br tremor. 

Athetosis, s remarkable disease which I was the first to describe, and 
which is now well recognised both In this country ami in Europe. The 
case on which mr description was ba«cd was one in which toe patient 
was in th* habit of drinking sixty glasses of sin dally. 

ofthb vbbvss. 
AnsMtheda. 
Paralysis agiftang, 
Neuralgia In aH sltesttens. 
Neon tin. 
NenroHKtleroais. 

It will be noticed that sotorosis or hardening is a con- 
dition of all parts of the nervous system which alcohol 
probably often produces. It is doubtless the result of the 
direct action of alcohol on the nervous tissue. 

In addition to being tbeexcitiug cause of many diseases 
of the nervous system, alcohol probably predisposes to 
various others In which no direct relation can be traced. 
Neither does its action stop here, for the descendants of 
persons addicted to the excessive use of alcohol are lia- 
ble to various disorders or the nervous system. 
WHAT CONSTITUTES BXCK88. 

Doubtless you have observed that my remarks relative 
to the evil oonsequeuce of alcoholic potations have been 
based upon the excessive use. It would be only fair for 
you to ask me what constitutes excess t Aod if yon dld r 
I should answer that, in the abstract* I do not know r 
any more than I know how much tea or coffee any ooe 
of you can driuk with oomfort or advantage, how many 
cigars you can smoke without passing from good to bad 
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effect*, bow much mustard on your beef agrees with 
you, and now much disagree*, or bow much butter you 
can eat on your buckwheat oaken. In fact I do not 
know that you can use any of these things without in- 
fnry. For to some persons tea and coffee and tobacco 
and mustard are poisonous. Every person must, 
to a great extent, be a law unto him- 
self in the matter of his food. No one can 
a priori tell him what and how much are good for him. 
A single glass of wine may be excess for some indi- 
viduals, while to others it fills a rdie which nothing el«e 
can fill. That alcohol even in large quantities 13 benefi- 
cial to some persons, Is a point in regard to which I have 
no doubt ; but those persons are not in a normal condi- 
tion, and when they are restored to health their pota- 
tion * should cease. I have seen many a weak, hysterical 
woman drink a pint of whisky or brandy a day without 
experiencing the least intoxicating effects, or even reel- 
jug excited by it. The exhausted tissue has seemed to 
absorb it with an energy as though it were fts one 
thing craved, and recovery has been rapid under the use 
when all other means have failed. I have seen strong 
men struck down wirh pneumonia and fever, and appa- 
rently saved from the grave by brandy or other alco- 
holic liquors. I have prevented epileptic seizures by its 
moderate use. Neuralglo attacks are often out short by 
it, and sometimes entirely preveuted. It has been effi- 
cacious in catalepsy, and in tetanus it is one of 
the best antidotes to the bites of poisonous serpents, as 
I have repeatedly witnessed: in the convulsions of 
children from teething and other sources of reflex irri- 
tation it is Invaluable; in the spinal irritation to which 
women, aud especially American women, are so subject 
nothing takes its place, and in certain forms or gastric 
dyspepsia Ik must be given if we wish to cure our 
.patients. 

DANGER OF EXCITING ALCOHOLIC THIRST. 

You know nil this as well as I do, and you know 
that I have by no means mentioned all the 
diseases in which so far as onr knowledge goes, alcohol 
in some form or. other is the sheet-anchor of our 
hopes. I would not like to be out off entirely from the 
-use of alcoholic liquors in my practice, and yet I often 
try to do without them, for I am fearful of excltiog a 
.thirst which will not stop at my bidding. Still, 
when they are clearly indicated I give them 
without self-reproach, feelitig that I have done 
jny duty, and that I am no more responsible 
for the consequences of any after abuse than I mould be 
for the shipwreck of a child whom I bad lo good faith, 
and with the object of contributing to bis welfare, sent 
on a voyage /to Europe. I would not send my son to 
JSurope to be educated if I could in all respects eduoate 
him equally well in this country; neither would I pre- 
scribe alcoholic liquors if I oould do without them. I 
know that I am digressing from my subject, but in view 
of the great importance of the whole matter, I ask your 
indulgence for a little further wandering. 

With reference to the moderate use of aloobolio 
liquors, it must be remembered that we are not living In 
a state of nature. We are all more or le6s overworked ; 
we all have anxieties, and sorrows, and misfortunes, 
which gradually in some oases, suddenly in others, wenr 
away our miud and our bodies. We have honors to 
achieve, learning to acquirer and perhaps wealth to ob- 
tain. Honors and learning and wealth are rarely got 
honestly without hard work, and hard work exhausts 
all the tissues of the body, and especially that of the 
nervous system. Mow, when a man finds that the wear 
and tear of bis mind and body aro lessened by a glass 



or two of wine at his dinner, why should he not take 
it f The answer may be, Because he sets a bad example 
to his neighbor. But he does not. His example is a 
good one, for be uses in moderation and decorum one 
of things which experience has taught him are beneficial 
to him. And why should he shorten his lire for the pur- 
pose of affording an example to a man who probably 
would not heed it, and who, if he did. is of less value to 
society! 

None of us defend dram-drinking. It is a vile, a per- 
nicious practice, but the Instinct that drives men and 
even women to it is human, and we must take it as it 
exists, Just as we are obliged to recognise other instincts 
fully as vile and pernicious. The inborn craving for 
stimulants and narcotics is one which no human power 
can subdue. It is one which all civilized societies pos- 
sess. Among the earliest acts of any people emerging 
from savagery is the manufacturing of an intoxicating 
compound of some kind, and one of the first things a 
colony ebtablishes is a grog-shop. It was, as Dr. Cham- 
bers remarks, "an awful outburst of nature" when out 
of 600,000 men who took the pledge in the United States 
850,000, acoordlng to The Band of Hope Review, " broke 
it;" and be very pertinently asks. "Have the same pro- 
portion ever broken vows of chastity or any other 
solemn obligations 1° 

But if we cannot overcome the instinct by prohibitory 
law*, we oati regulate it and keep its exercise within 
bounds. My own opinion is that the best way to do this 
is by discriminating legislation in favor of wines and 
malt beverages and against spirituous liquors. I would 
make it difficult to get whl&ky and at the same time easy 
to procure beer, and I would likewise offer every encour- 
agement to the growth of the vine aud the hop. Expe- 
rience has shown that total prohibition while falling to 
a great extent in practice, drives men and women to 
opium and Indian hemp, substances still more destruct- 
ive to mind and body than alcohol. 

DIPSOMANIA .OR HETHOMANIA. 

Another point seems to require notice. There is a 
condition, a form of Insanity it may be, known aj dip- * 
somanla, or, more properly methomama. It is described 
as consisting in an irresistible Impulse to 'indulge in 
alcoholic liquors. Doubtless there are individuals who, 
while recognizing the injury which excessive indulgence 
in alcohol inflicts upon them, are, in a great measure, 
powerless to control their morbid appetite. At one 
time they micht easily have refrained, but frequent 
yielding, and perhaps also the direct action of alcohol 
on the brain, have so weakened their volitional power 
that restraint is well-nigh impossible. Probably many * 
who pass for ordinary drunkarks are in reality metbo- 
manlacs. Indeed, I suppose there are very few of those 
who are habitually jnore or less intoxicated who in 
their more sober moments will not lament their inability 
to abstain, and curse the feebleuess of will and the ' 
strength of the appetite which keep them drunkards. For 
all such the lunatic asylum is the proper place* so long 
as they cotruiit no outrage on the persons or property of * 
others. I' they plunge into crime punishment should 
follow with as much certainty as for sober criminals. 
As for confiding in the honor of such persons and allow- 
ing them to range at largo while nominal residents of 
an inebriate asylum, I regard it as the uttermost kind of 
folly. What would we think of the wisdom and pru- 
dence of a superintendent of a lunatic asylum who wonld 
trust to the honor of a patient who had previously at- . 
tempted suicide, and allow him to go at large on hit 
pledge not to kill himself* And yet this is essentially 
the nature of the died p line at lne briate asylums. I have 
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never seen a drunkard cnred hgr this kind of restraint, 
and I hav* seen many who have toM me how readily , 
while patients in such institutions, they found liquor 
enough to keep up the desire for more. 

Gentlemen of the Neurological Society. I am afrsM I 
have greatly trespassed on your patience, and yet I 
have very Incompletely fulfilled the task I set for ray- 
self. To consider the subject of this address with even 
moderate fullness or detail would require more time 
than I h ve to give and much more thau I would ven- 
ture to ask of you. Many of you are, I am sure, much 
more capable of doing it justice than myself, and I leave 
it in your hands confident that it will be elaborated 
with a completeness worthy of its Import j nee. 

As to the influence of alcohol over other parts of the 
!>ody, and many of its more important relations to the 
system at large, I have not even alluded, as they did not 
come within the, scope of the limits I bave adopted. 

There is much for us to do in the department of neuro- 
logical medicine, go wblch from time to time your atten- 
tion will bo invited. There is not one among us who 
cannot contribute an idea of value to the rest. I ask 
yon therefore to show yonr loyalty to the Society and 
your devotion to the cause of scientific mediclue by 
freely interchanging such suggestions as may occur to 
you in the daily exercise of your profession. Remember 
that facts should come before theories, and that thongh 
an hypothesis may suggest a practice, hypothesis by 
itself is the dreamiest of scientific rubbish. With your 
aid and forbearance I hope to discharge to your satis- 
faction the duties of the honorable office to which I am 
called by your partiality. 



the Discussion. 

REMARKS OF DR. WILLARD PARKER. 

Dr. WiUard Parker, wbo was present daring: 

the delivery of the essay, was Invited by Dr. Hawmoud 
to give his views upon the subject discussed, and re- 
sponded as follows : 

I should not be willing to take i*p much of the time 
of the Bociety, and should simply say I am very 
happy of this opportunity of being present. I have 
heard yonr address with very great pleasure, and 
in most points I should agree with you, tnough in 
tome points I should differ. There Is one point I am ex- 
tremely glad to see brought up ->efore this Association. 
I do not propose to speak evil of this mat- 
ter of temperance. There are many men of 
many minds, and many women, too. We will 
simply let them have their way. The temperance 
movement of the last half century has undoubtedly 
accomplished a great deal. Its purpose has beeu to ac- 
complish It simply upon 1he basis o? moral suasion, and 
then they have intended to Influence legislation to a 
certain extent. I say nothing about that, either as 
opposing it or advocating It. There is no subject before 
the public mind to-day so important as that 
of the use of alcohol, not only in our own country, but 
in all countries. In the northern regions we find more 
of the stronger distilled liquors used than in the low 
latitudes. There of course they are using their light 
wines, unless vou come to Germany, where they are 
drinking beer. The starting point appears to be, first, 
What is alcohol f I fully concur wilh vou as to its being 
a poison. Others have experimented upon the subject 
besides yourself, and all seem to have arrived at the 
same conclusion. 

But because it is a poison gives no one a license to 
say that it may not be used with the opposite effect at 



proper tiroes. It is one of the most valuable medr 
clnes we have, but as to the advantage or disadvantage 
of every corner shop here or in Brooklyn practicing in 
this matter and dealing out this liquor, that is another 
question, and we shall leave that for the present. The 
important point hero is ihe scientific aspect, and on that 
is the stand our profestdonal brethren should take. 

The question we have to decide is. first, " What is al- 
cohol f" and then the great- question. In the second 
place, which you, Sir, have handled so ably, is " What 
does it do to you or to me t" The point is as to alcohol 
—its use, and what it does to the individual. I am not 
prepared to agree entirely with the proposition 
you advocate so strongly, that alcohol prc- 
• duces force. I do not understand it so, 
and I understood you to say you did not acoonut 
for it, but simply assumed it does It. It may do it and it 
may not. I am not ready to assent to that proposition; 
I am not prepared to say I shall not assent. My views 
have greatly changed of late years in regard to this mat- ■ 
ter. When I first took up this subject, if a patient 
came under my charge pretty well worn down by drink, 
I knew I had an exceedingly bnd subject to manage. 
One of our first questions is, what kind of a constitution 
does the individual bring to us, and we recognize, if he 
is a toper, that he is a bad subject. 

I have followed on and followed on, and I have 
reached a point like this. I don't see how we can make 
food out of it ; but what place can we give it in the 
dietetic department f My feeling is that no individual 
system in health is benefited by the introduction of al- 
cohol, hut ic is not always easy to decide what is health 
precisely. Bulb when there is feebleness In the system, 
from age or sickness, and food is to be taken Into the 
stomach, the stomach requires power to convert it into 
the proper condition to become proper, nourishing 
blood, I have conceived that, in a person taking 
that substance Inio the stomach, by the use of a certain 
quantity of alcohol, in the shape of wine, or beer, or 
brandy, the food will, with the presence of the 
brandy, have a perfect assimllution. In that way it is 
entitled to a position. I have a ohimoey in my house, 
for example, which does not draw very well. That re- 
sembles the old man. I put in a little kindling wood, in 
addition to the otherYuel, and by chat I get a good fire 
ami am extremely comfortable. I don't know about It ex- 
actly, but I learn from the experiments of these gentle* 
men that when alcohol is Introduced into the stoma oh 
it arrests the process of digestion. About the nitro- 
genous substances I am in doubt, but I fancy it does not 
do a great deal with the starchy substances. In per- 
sons who eat a great deal of meat and drink alcohol, it 
arrests the process, and after a time the stomach will 
evacuate itself, and the pieces of meat come up hard- 
ened. When the alcohol is taken into the stomach before 
the food is taken in, it acts upon the pepsin and hardens 
that. Some French physicians say It passes through 
without being changed, like an atom which gets into the 
eye; when it is removed it Is unchanged, and the eye 
quickly recovers. Then other persons are very 
strongly of the opinion, and I think Dr. Duprey proves, 
that only a Umfted quantity of it passes away, that a 
portion is retained in the stomach. What becomes of 
that portion f That is not yet settled In my mind. I 
want to see this subject carried forward in this 
Society, and if possible to assign to alcohol its true, 
legitimate, effective position in the materia medica in 
the world. It has been proved by workers in all kinds of 
employments as well as by those who were traveling in 
high latitudes, that their health failed, so that even 
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the insurance companies have been looking to it. There 
to a fearful catting short of life and usefulness by the 
Habitual use of alcoholic drinks. I mean wine 
and the whole list. If there is any differ- 
ence between wine and rum, there Is an 
article la each whloh produces the effect. The other in- 
gredients are like sue clothing we have on ; it may be 
Winter or Summer clothing. When you come to the 
matter of beverages, I suppose, as about 80 parts of the 
body are water, water is the only beverage on earth 
that repairs the system. Tou take the milk that 
we get from the mother's breast. It is only water 
we have, thouph there is also sugar and casein. I am 
sxceedlngly anxious to see this go on. I will talk with 
f on some other time about the cure of inebriates, for I 
flon't agree with you there. We want a military man- 
agement of these fellows, as we have at West Point. 
rtiey are to be re-eduoated. and moved at the tap of the 
Arum. 

Dr. Hammond— If you oan treat them as soldiers and 
lunatics, I think you oan cure them. I don't say that 
chronic alcoholism is absolutely incurable. I say the 
present inebriate asylums will not cure them. That is, 
according to my experience. 

Dr. Parker— The inebriate asylums have been very 
great instructors. I find there are three classes of 
Inebriates. One class is made up of respectable gentle- 
men— young men or the heads of families, who have 
yielded to a social feeling, and by that have got to a cer- 
tain point where they cannot live without liquor. Their 
will power is gone. There is another class where the de- 
sire is Inherited, and who have their fits once a month, or 
once a year. In all creation, no human power oan re- 
strain them. I have known It to come on from 
the Individual's going into an apothecary-shop 
and picking up a cologne-bottle and smelling it. Then 
we have a third class, many of them raised In our 
cities, the children of those who have suddenly come 
to wealth, children who have no true education; 
who feel that having money they must get the worth of 
it. The only thing that can be done for them is to have 
a place for incurables, and place them there in order to 
protect their families and friends. 

BBHABE8 OF DR. J. C. PETERS. 

Dr. J. C. Peters—I have but few»remarks to make. I 
have paid but little attention to the subject of late ; but 
80 years ago — In 1844— I made many post mortems ou the 
cadaver of drunkards, and m many of those cases I was 
surprised to find the small amount of injury done to the 
stomach where alcohol had not been used 
in large quantities; but when taken to excess the ap- 
pearance was certainly as great as that referred to 
by Dr. Lente as being hemorrhagic. The amount 
of hemorrhage found In the mucus membrane 
of the stomach, bowels and bladder, is certainly 
extensive, and the Injury was very great. 
I regard the effect of alcohol in larger quantities 
upon the stomach as very little short of a corrosive 
poison. The shock is almost equal to that of a surgical 
shock, and is very much like it. It occurs 
in the course of a very few hours; and I pre- 
sume that shook falls upon the great solar plexus, 
although I presume the injury to the mucous membrane 
of the stomach Itself is very great. We oan find a smai 
quantity or alcohol in the peritoneum : we will not find 
it lower down In the bowels, as it is absorbed very 
rapidly. 

Experiments, Mr. President, similar to those which 
you have performed, in which alcohol has been detected 
in the, brain, are numerous. Christison and others have 



extracted a quantity of alcohol sufficient to be 
burned, as we burn It usually in a lamp. I 
might say a few words upon the point which 
you have especially noticed in connection with your 
account of my experiments, namely, the great firmness 
of the brain or one who has used alcohol to excess. It was 
a fact whiob struck me very forcibly. We know that 
alcohol will coagulate albumen. The brain substance is 
composed in a great degree of albuminous substances, 
and it is the great affinity or alcohol for the albumen 
which, I presume, is the grand reason why the brain is 
so often found in this hardened condition. We 
know also thnt alcohol Is a stimulant; 
that it stimulates the stomach and improves digestion. 
It will increase the quantity of the gastno Juice which is 
thrown out, and this operation of the stimulant will 
help many a weak stomach to digest food which would 
otherwise lie in an undigested mas*. Alcohol in excess 
causes the pepsin to be preoipltated, and digestion is 
stopped. I have been exceedingly cautious in advising 
alcohol for any slok person, especially In the case of 
women — nervous, hysterical women— l>ecause I am so 
rearful or establishing a habit of using it; but 
when I do prescribe it, it is for the pur- 
pose of food. I never allow alcohol to be taken 
on an empty stomach under any circumstances. 
I prescribe it in fixed quantities, as I would arsenic 
and when its work is flnlaned I order It stopped, as I do 
any other medio iue after it has accomplished the object 
for which it Was Intended to be administered, lwas 
also, at the time I speak of, 80 years ago, 
struck with the infrequency of tubercular 
diseases in drunken persons, and those who died 
from an excessive use of alcohol. The system of giving 
alcohol in this disease has gradually worked its way 
into the profession until whiskies and spirits of all va- 
rieties is almost an established treatment in diseases of 
a tubercular character. 

Dr. Alonzo Calkins thought that In making these ex- 
periments with aloohol an excessive quantity had been 
used, as much often as two ounces of pure alcohol. The 
result would be expected to be different if one half- 
ounce were used. It is analogous to taking an immod- 
erate quantity of food in the stomach; a portion 
Is absorbed, while the greater part passes off indiges- 
tion, and only a part of it is appropriated. So it might 
be with alcohol; a small part of alcohol might be appro 
priated, but the greater part would pass away. 
REMARKS OF DR. MEREDITH GLYMER. 

Dr. Meredith Clymer, who was present by invitation, 
said: Dr. Parker put this question, "What becomes 
of the portion of the alcohol retained in the system f" 
in view of recent experiments showing that a portion 
of the alcohol taken into the system passes out, and a 
portion remains in. Now, that question is connected 
with the question of food. This is an interesting subject 
to ns all. Dr. Hammond stated that be could not 
explain it. and it seems to me that these experiments 
are » decidedly in opposition to the conclusion 
that alcohol is food. If it were food It would be assim- 
ilated; and yet we find by these novel and admirable 
experiments which Dr. Hammond has shown ns, that 
after a certain time it is retained in the nervous tissues. 
I only wish these experiments had gone further, 
and that he had submitted to the same tests 
the other organisms of the body— the stomach, liver, 
Ac— and 1 am quite confident he would have 
found the same results— that they would have 
appeared In those tissues Just the same as 
in the brain. The experiments are of great 
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▼Blue particularly in regard to these hemorrhages— one 
of the most com moo of post-mortem results. What have 
these observations of osteology shown ; that the por- 
tion of alcohol retained Id the system acts directly upon 
the nerve tissues, and upon what tissues 1 First, 
upon the cellular tissue; then adventitious tissue 
is gradually substituted for the healthy tissue. We find 
this takes place in the stomach, the liver, and the brain, 
and that probably accounts for the hardening process. 
The first post mortems which I made were in 1813. 
Some were men who had died from chronic alcoholism. 
In several cases the odor of alcohol was very strongly 
I>erceived on the removal of the cerebral membrane, and 
its presence in one if not in two oases was shown posi- 
tively by chemical tests. The obange in tissue takes place 
by the direct poisoning of this tissue. Then comes the 
effect of mechauical pressure, as well as the vital action 
of this polsoniug upon the essential tissue of these 
organs. That is a granular fatty degenera- 
tion. We have therefore a twofold result 
or tatty degeneration, in the first place, and secondly, 
not only a hardening but a substitution of tissue. It 
has been shown that there is an inflammation 
upon the surface of the brain and surround- 
ing the membrane* as in the ordinary cases 
of general paralysis. We have known of this fattv de- 
generation, but it was not until recently that we know 
that this extended to the nervouH centers. 

Remarks were also made by F. D. Lewis. H. D. t of 
Cold Springs, N. Y., and Dr. Roberts Bar tu low of Cin- 
cinnati. 



THE TRANSIT OF VENUS. 



PREPARATIONS FOR OBSERVATION BY DIF- 
FERENT NATIONS. 

▲ BRIBE ACCOUNT OF WHAT OTHER NATIONS ARE 
DOING— ORGANIZATION OF THE UNITED STATES 
COMMISSION FOR THE WORK— DETAILS OF THE 
ARRANGEMENTS FOR THE EXPEDITIONS. 

fFROM AN OCCASIONAL CORRESPONDENT OF THE TRIBUNE.] 

Washington, May 7.— A review of the prep- 
arations wbicb dlffjreut natioua are making, iucludiog 
onr own, lor observing the coming transit of Venus, 
will' be found somewhat gratifying to our national 
vanity. England has selected five stations to 
which she will send parties. She has now the 
chip Challenger inspecting Inlands in advantageous lo- 
cations lu the South Indian Ocean. There will probably 
be two stations lu the Sandwich Islands, ono of whiob 
will be at Woahoo, for the purpose of observing acceler- 
ated ingress (that la, for taking observations at a station 
"which, from its geographical position, will be among the 
first where the approach of the planet to the sun's disk 
is vlalblc). and two others at Kerguolen and Ron- 
rlgufrz Islands, for retarded ingress (that Is, 
for observations from a station amon^ the 
last from which the approach can be perceived) ; 
another at Auckland for accelerated egress, and a fifth 
at Alexandria for retarded egress (tho*e stations being 
amoug the first and last where the departure of the 
planet from the sun can be observed) ; the two parties 
at the Sandwich Islands being considered as occupying 
one station. 

The estimates submitted by the Astronomer Royal 
were for the Woahoo detachment, $12,000; for Rodrlgues 
and Kerguejen's, tlo.COO each ; Auckland, $6,000, and 
Alexandria, $3,700; making a total of $41,263. A grant of 



$62,600 was made in May, 1869. Trough ton and Slmms 
make the instruments, and Dent the clocks for all the 
parties. The Cambridge Observatory lent two. and Mr. 
De la Rue one, of the telescopes to be used. One of the. 
equatorlals was the one formerly used by Admiral 
Smythe. 

ENGLISH METHODS AND INSTRUMENTS. 

The buildings for the instruments are substantial 
structures, stout wooden framework covered with 
weather boarding, and roofed with slue and roofing felt 
Each instrument has a separate building, those for the 
transit instruments being 10 feet square, with walls six 
feet high. The alt-azimuth huts are nine feet hexagonal, 
with a hexagonal dome on circular frames, with six 
rollers, to permit their being turned with the open- 
ing in the roof to any part of toe heavens. 
The buildings are made portable by being constructed 
in sections, which are connected together by bolts and 
nuts. For the transit instruments massive Portland 
stone piers will be provided, with foundation slabs. For 
the alt-azimuth, atone pier caps only will be sent out, 
leaving the piers to be provided on the spot. The 
sources of their personnel are the officers of the Royal 
Artillery, the students of the Naval College, and some 
private individuals who are now undergoing a prelimi- 
nary drill at Greenwich. Pbotographto observations 
will be made at Peshawar lu Northern India, and Lord 
Lindsay has equipped a party at his own expense to 
observe the transit from the Island of Mauritius. 

There was a belief current among astronomers 
that photography could not be used where the photo- 
graphs were afterward to be subjected to such rigorous 
measurements as are necessary to give us a more accu- 
rate value of the solar parallax than we now possess ; 
or in the words of our own Mr. Rutherf urd, '* The photo- 
' graph of the sun will have a greater or less diameter by 
many seconds of arc, according to the energy of 
the rays which have produced the image; and 
this discrepancy may be produced by a change 
in the aperture, In the length of the time of exposure, 
in the transparency of the atmosphere, in the hour of 
the day, or in the sensibility of the chemicals." Accord- 
ingly, the position of Venus on the sun's disk must not 
be measured from the limb of the sun, but from its 
center; and it is now found that the probable error of 
measuring the position of Venus, as given by Prof. 
Hall, will be about twelve-bundredrba of a single second 
of arc, whioh is about the one-fourteen-hundredth of the 
whole diameter of the sun, whioh is certainly within the 
probable error of an observation, by the eye, of a contact. 

As soon as it became evident that photography would 
be an important auxiliary, England ordered or Mr. Dall- 
meyer five photo-heliographs, built under the direction 
of Mr. De la Rue, whose object-glasses, four Inches in 
diameter, give an image of the sun about half an inch, 
which is afterward enlarged to four inches in diameter. 
The whole apparatus, unlike the American photographic 
apparatus, is moved by clock-work, and mounted in the 
usual equatorial style ; and for the purpose of defraying 
the expanses of the photographic apparatus $26,000 addi- 
tional has been appropriated. 

RUSSIAN, FRENCH, AND GERMAN PREPARATIONS. 

Russia will occupy twenty-seven station*, stretching 
across her Siberian possessions, about 100 miles apart, 
from Kamscbatka and from the Black Sea. Taa equip- 
ments of the individual parties will not be as coin pie to 
as either the English or American, and it is tho design 
to determine the geographical position of the stations 
by the geographical survey, which will use a line of 
1 telegraph through Siberia to Nicolaevdk, to determine 
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the longitudes.- An appropriation of $32,600 has been 
made to defray expenses. 

The French Commission before the Franco-Prussian 
•war recommended to the Bureau des Longitudes the 
occupation of SL Paul's Inland, New- Amsterdam, Yoko- 
hama, Tahiti, Noumea. Masoate, and Suez. Since the 
close or the. war the subloct has again been taken up, 
the French Academy has applied to the Government 
for aid, and under the head of "Pu»>lio Instruction" 
a provisional appropriation of $20,000 has been made 
to be expended under the direction of a commission 
whose head is Alphonse Martin. Lately this appropria- 
tion has been increased by one-half. 

Germany has decided to furnish four parties for hello- 
metric observations— one in Japan or China, and the 
others probably at Mauritius, Kerguelen's, and Auckland 
Islands. 

Other countries have male preparations on smaller 
scale*, even New-South Wales granting $6,000, and, under 
the direction of Mr. Russell, establishing three parties ' 
st Sydney, Elen, and the third in the Blue Mountains, 
about 50 miles west from Sydney. Most of the European 
nations sending parties to comparatively unknown re- 
gions have !■ reached a naturalist, and the expeditions in 
this way will contribute to the natural sciences as well 
as to astronomy. It would have been desirable to hay e 
had a naturalist attached to the United States parties 
bad the funds of the commission haying the matter in 
charge justified the necessary outlay. 

AMERICAN PREPARATIONS. 
In 1871 the United States Congress appointed a Com- 
mission to expend such appropriation* as might be made 
for the obfervations of the transit of Venus. It consisted 
of the following members : Rear-Admiral B. F. Sands, 
Superintendent U. S. Naval Observatory ; Prof. Joseph 
Henry, President National Academy or Sciences ;\ Profl 
Benjamin Peiroe, Superintendent U. S. Coast Survey ; 
Prof. Simon Newcomb, and Prof. Win. Harkness, U. 8. 
Naval Observatory. The Commission selected Admiral 
Bands for chairman, and. it is to his warm 
sympathy with the cause of astronomioal science, t»nd to 
his executive* energy in properly bringing the mutter 
before our Government, that the thanks of American 
scientists are due: for with inadequate provision for de- 
fraying che large outlay necessary, we might have given 
reason for the doubt or De TocquevITle which Prof. Tyn- 
dall quoted to us : "The future will prove whether the 
passion for profound knowledge, so rare and so falrh- 
ful, can be born and developed so readily in demo- 
cratic societies as in aristocracies. As for me, I oan 
hardly believe it." The letter of Admiral Sands. 
March 5, 1872, asking for $160,000 to be expended in three 
annual installments of $60,000 each, received the Indorse- 
ment of che Secretary of the Navy,and the appropriations 
asked were granted by Congress. It was resolved to 
employ both photography and eye-observations of con- 
tact, and after discussion as to the various photo- 
graphio methods proposed, it was decided to form 
the linage of the sun on the sensitized 
plate by means of a fixed photographio lens, five 
Inches in diameter, and having a focal length of about 
forty feet, reflecting the suu's light from one surface of 
a plate of glass, che plate beiug moved by clock- work, 
so that the rays of the sun, after being reflected from 
the plate, will always strike the photographic lens In 
lines parallel to the line connecting the center of the 
reflecting plate, the center of the fixed lens, the oenier 
of the sensitized place. To carry out the methods of 
observation by the eye and ear, It was resolved to pro- 



vide five-Inch equatorials, furnished with micrometers, 
by which the distance between the two cusps of Venus 
could be accurately measured, as Venus entered upon 
and lefr the sun's disk. 

The principal work of carrying out the views of the 
Commission has devolved upon those members of it 
connected with the Naval Observatory. After most of 
the urraugements had been completed, there was a 
ohange in the members of the Commission, caused by 
the retirement of Admiral Sands from active dutv tn the 
Naval Department on account of advanced age, and the 
resignation of the Superintendent of the Coast Survey. 
Both these gentlemen were retained as honorary mem- 
bers, and R '.ar-Adtniral C. H. Davis, the present Super- 
intendent of the Observatory, aud dpt. Patterson of 
the Coast Survey, were added to the Commission. 
OUR STATIONS AND INSTRUMENTS. 

Eight stations were selected, and so far as is now 
known will be occupied as follows: Vladivostok tn 
Siberia will be occupied by Prof. H.ill of the Nival Ob- 
servatory, with probably Mr. O. B. Wheeler of the Like 
Survey as assistant. Pekin will be occupied bv Prof. J. 
Watson of Aon Arbor. The Coast Survey party uuder 
Prof. G; Davidson, who retains Mr. O. H. Pitt- 
mann as first assistant, will ocoupy Nagasaki. 
Capt. Kavmond of the United States Ensineers 
will ocoupy Crozot Inland, with Lieut. Tilinnn 
as assistant. Lieu I. -Commanders Ryan and Train. U. 8. 
N., will oounpy Kerguoleu's Inland. Prof. H <rkne*s of 
the Naval Observatory with Mr. L. Waldo of Columbia 
College. N. Y.. as assistant, will occupy Hobart Town. 
Bluff Harbor, New-Zaaland, wlh be oeoupied by Prof. 
C. H. F. Peters of Hamilton College, N. T.. assisted by 
Lieu:. Bass of the U. 8. Engineers. Mr. E. Smith with 
Mr. Scott as assistant, both of the Coast Survey, 
will occupy Chatham Island to the extreme east. 
Three photographers will be sent with each of the above 
parties, and all the members of the various parties are 
subject to the discipline of the Navy during their ab- 
sence. All of the Southern parties and one of the North- 
ern are now in Washington In active preparation for the 
transit. 

Each party is supplied with an equatorial, a transit 
instrument so modeled as to be used as a zenith tel- 
escope at will, a clock, with chronograph, two box 
chronometers, a set of engineer's instruments, a mag- 
netometer, a photographic outfit, a chest of carpenter's 
tools, supplies, dec; and will carry with them threo 
wooden huta, pht up in sections, to be plnnod and 
screwed together when they are needed by the observ- 
ers. The instrumental outfit has been designed and 
constructed under the immediate supervision of 
Prof. Harkness, to whose aoourate knowledge 
of che capabilities of portable instrument* much of the 
success of the expeditions will be owing. Mr. Alvan 
Clark constructed the equatorials, the photographic ap- 
paratus, and the optical parts of the transit instru- 
ments, of which the other parts were made by Stack- 
pole Bros, of New-York. Tae clocks were made by E. 
Howard of Boston, and the chronometers by J. S. <fc D. 
Negus of New- York. The maguetio instrument* were 
made by Mr. Kahler of Washington. 

The Southern parties will be conveved to their destina- 
tion by the U. S. third-rate sloop-of-war 8wataru, under 
the oommuud of Capt. Ralph Chandler. The Swat am 
usually carries nine kujs, but will carry but one, a 60* 
pound Parrott, until she is through with the expedi- 
tions. Shd is now fitting ud at the Brooklyn N^vy- 
Yard. It is expected she will sail from Now- York the 
last of May. Her route will inolule the Cape of Quod 
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Hope, thenoe eastward!/, leaving parties at the stations 
named. While waiting /or the observers to determine 
their geographical positions and to observe the transit, 
she will be employed in exploring some or the neigh- 
boring islands, or doing work for the Commission. Each 
party is provided with magnetio apparatus sufficient 
to determine the magnetio elements of their own station. 
Negotiations are now in progress having In view the 
telegraphic determination of the longitudes of the 
Northern stations, aud Hobart Town, with possibly New 
Z island, of the Southern stations. The longitudes of 
the isolated islands will be determined both by 
means of chronometers, and by observations of star 
occupations by the moon. Prof. Henry Draper has the 
management of the photographic part of the expedi- 
tions uow well under way ; and in his work he has de- 
rived much beueflt from the earlv efforts of Mr. Walker, 
photographer to the Treasury Department, to provide 
only efficient photographers from among the numerous 
applicants for positions on the various parties. 



THE OKIH.NTAL SOCIETY. 

MEETING AT BOSTON. 

A SESSION OF MORK THAN USUAL INTEREST— AN 
XTHIOPIC MANUSCRIPT PICKED UP IN THIS 
COUNTRY— PHOENICIAN INSCRIPTIONS IN BRAZIL 
A FORGERY— CRITICAL EXAMINATION AS TO AU- 
THENTICITY, *C, OF THE OLD TESTAMENT— THE 
HEART, LUNGS, AND LIVER IN DIFFERENT 
LANGUAGES. 

(FROM AN OCCA8IOVAL CORRESPONDENT OF THE TRIBUNE.] 

Boston, May 21.— Be it known to such as 

are not acquainted with tne facts, that the American 
Orleutal Society was born in the year 1845, that It is 
therefore iwenty-nlue years old ; that it has no less tban 
160 members, mostly college professors, literatenrs, dis- 
tinguished philologists, and exulorers in the Oriental 
and tne antique— all, however, wearing our American 
garb, and most of them speaking English without ac- 
cent. Farther, that it has a library in New-Haven of 
about 4,000 volumes, which is yearly enriched by ex- 
changing Its own publications with those of nearly 
every similar society in the Old World; that It is also in 
possession of several Important Sanscrit inscriptions, 
and a valuable Greek inscription from Antioob, which 
is referred to the third century before Christ, not to 
mention a sufficient amount of trash which always con- 
stitutes the lumber of such societies. It is perhaps ne- 
cessary to add— for nobody would discover it except by 
accident— that the Society holds two meetings each year, 
one generally at New-Haven in the Fall, and the other 
at Boston in the Spring. 

The need of this explanation is found in the fact that 
this Society moves with muffled oars, and is enabled to 
steal back and forth from New-Haven to Boston with- 
out contributing in the slightest to the noise which 
exists in the vulgar world. A further explanation is 
that, like all polyglot societies, it is the perfect horror 
of reporters, and that the horror is to some extent re- 
ciprocal. Under these circumstances, it was not sur- 
prising that the annual meeting held May 20 in the 
rooms of the American Academy of Science and Aris, 
at the Athenawm, was small in point of numbers, and 
that it received little or no recognition from the daily 
press. Yet every other man of the twenty who were 
thus ignored was of scholarly or intellectual prom- 



inence, and the meeting was one of the most interesting 
the Society has held. I send you some crainbs that foil 
from the table. 

There were present Prof. Eiward E. Saulsbury, Pres- 
ident of the Society, and formerly Professor in Yalo 
College; Dr. Ezra Abbott, Recording Secretary of the 
Society, and Professor in Harvard Divinity School, one 
of the most accomplished biblical and classical scholars 
in the country ; the R >v. Dr. A. P. Poabody, Professor 
of Moral Science in Harvard University ; Prof. C. M. 
Mead of And over; the Rev. Dr. Rafus Anderson, Secre- 
tary of American Board of Foreign Missions; the Rev. 
Selah Merrill of Andover, Prof. W. D. Whitney of Yale, 
Corresponding Secretary, kuown not only to all Ori- 
ental and linguistic scholars in this country and Europe 
for bis original contributions to literature, but es- 
pecially known to your readers as the correspondent of 
The Tribune with the Hayden expedition last year; the 
Hon. J. H. Trumbull of Hartford, the oracle on all 
matters relating to our Tndian languages, and whose 
Yankee skill in untying philological knots seems almost 
intuitive; Dr. Wm. Hayes Ward, editor of The Inde- 
pendent, who, as an original explorer in Hebrew and 
Phoenician, never fails to contribute to the 
interest of the Boolety; the Rjv. J. W. 
Jenks : Dr. Nathaniel Hoppen of Cambridge, 
Prof. Frederick Gardiner of Middletown, Conn.; Hon. 
Stephen Saulsbury of Worcester; Proi. Felix Adler, 
Professor of Oriental Literature in Cornell Uuiversicy, 
one of the youngest aud boldest contributors of the 
Society; Dr. Dlmmock of Qalnoey; Prof. Charles 
Carroll Everett of Harvard University, who has brought 
a rare genius for phllojophy to the interpretation of 
the Oriental religions; T. 8. Perry of Cambridge; and 
Ex-Mayor Russell. 

The routine business of the Society was soon dis- 
patched. The officers of the preoediug year were all 
reelected. The Rav. H. F. Jenks of Boston ; Prof. Felix 
Adler of Cornell University ; Charles P. O Jle, Professor 
of Modern Languages in the Massachusetts Instituo of 
Technology ; Howard Osgood of Brooklyn, N. Y.; an d 
Isaac S. Hall of Naw-York, were elected members. 
The necrology of the year shows the loss of Charles 
Astor Bristed, Prof. Alphous Crosby of Salem, J. F. 
Meline of Brooklyn and Pr. Francis Mason, and culled 
forth appropriate remarks from Prof. Wuitaoy, the Rev. 
Dr. Peabodv, the R>v. Dr. Anderson, and Dr. Ward. 
WHO HAS LOST A MANUSCRIPT f 

Prof. Whitney read the correspondence since the last 
meeting. A letter from the Rev. Charles H. Brigham of 
Ann Harbor, Mich.,' may result iu finding tne owner of a 
stray manuscript picked up last November on the 
premises of the Michigan Central Railway by a laborer. 
The manuscript is made of thin, sort parchment, in the 
form of a roll, and, according to Mr. BrighauTs descrip- 
tion, is a genuine Ethlopio document. It was conj jo- 
tured by some of the members that the manuscript 
might have been obtaioed in Abyssinia by some one 
who accompanied the late English expedition. 

The Rev. Mr. Trowbridge from Turkey gave an inter 
estlug account of arrow-headed inscriptions in the 
vicinity of Alntab, to which place he is aoout to return 
to establish a new college. In monasteries in the Taurus 
Mountains he had seen some very beautiful manuscripts 
in the ancient Armenian language. He expected great 
good would come from the establishment of the college, 
which might be regarded by the people as a repository 
for inscriptions and manuscripts. Mr. Trowbridge was 
encouraged by the Society to explore ancient ruins in 
the vicinity of his Held of missionary labor, and to send 
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home a£ the Society's expanse whatever might be valu- 
able. 

The papei following was by Prof. FUke P. Brewer, on 
tbe Greek Inscriptions found near Beirout, which was 
published m the seoond number of the proceedings of 
the Amerloan Palestine Exploring Society. 

Prof. Mead of Andover read a paper on the use of tbe 
Hebrew Kol with negatives. In Hebrew a universal 
negation Is expressed by the use of this word (meaning 
all) with a negative particle. Tuere is no oompouud 
word corresponding to our word ** none " and '* no." 
Grammarians have referred to hut one passage in the 
Bible of a partial negation (Num. xxiii, 13). Prof. 
Mead undertook to examine ail places in the Bible 
where Kol occurs with a negative. He examined 838 
passages. Only six of these can be called cases of par- 
tial negation, and all but one of these occur in senteuoes 
In which Kol is made definite. 

The remaining papers of the morning session were on 
tbe Chinese Sien as Constellations, by Prof. Wjituey ; 
on Certain Phoenician and Greek Inscriptions from Cy- 
prus, by Dr. Ward ; on the Hamath Inscriptions with 
remarks on 1*3 Dormant, also by Dr. Ward. Copies or 
these inscriptions were shown to members. Dr. Ward 
also remarked on a supposed Phoenician Inscription 
found in Brazil purporting to have been left by mari- 
ners. He was entirely convinced that it was a forgory, 
though a very ingenious one. It was dated in tbe time 
of King Hiram, which would require a more antique 
form of letter than that which was used. Pal teo graph- 
ically, it would hardly be older thun the firth century 
B. C. For an inscription so old as this purports to be, 
the state of preservation was remarkable, and another 
evidence of the forgery. Dr. Ward thinks this forgery 
may be an Incident of the struggle between the Masons 
and the priests In Brazil, King Hiram being iuvokoi by 
the former in this way to give antiquity to their claim. 

Ihe Society then took a recess from 1 to a o'clock. The 
afternoon session was more lively than that or the 
morning, and was distinguished for the bold, straight- 
forward, and scholarly, yet courteous way in which 
Prof. Adler ventured to arraign previous methods of 
studying and interpreting the Old Testament. I select 
his paper from among others, because of its more popu- 
lar and elementary character, and because, though pre- 
sented entirely from a philological and philosophical 
point of view, its bearing on theology gives it a special 
interest to all classes of readers. 

METHODS OF STUDYING AND INTERPRETING THE OLD 

TE8TAMENT. 

Prof. Adler, who spoke entirely without notes or man- 
uscript, said : It seems to mo that nothing is of so much 
importance in the range of Semitic study as a clear no- 
tion with regard to the ohronology of tbe Old Testament. 
The question whether a certain part of the Old Testa- 
ment was written sooner or later than some other part 
has a significance not only in the studv of the Bible, but 
in Egyptology, iu Indian studies, and in many different 
branches of research. Whatever can throw light upon 
it ought to claim the attention of scholars. Tbe Profes- 
sor then gave what his studies in Germany especially 
qualified him to present— an account of the status of 
opinion in regard to the exegesis of the Bible in Ger- 
many at tbe present day. 

The view which obtained in the beginning of 
the century was that the book of Genesis 
more especially, consisted of a number of frag- 
ments joined together by the band of a 
later editor, but essentially fragmentary in its charac- 



ter. Tnat was the hypothesis of Vater. He noticed tbe 
different accounts of the creation, the difficulties in the 
hisiorv or Joseph, certain other contrary stories and 
an l ch -onisins, and solved the difficulty to himself by 
acvep mg tbe opiuion which Geddes had prononnoed 
before him— : hat we have here a collection of frag- 
ments bound together in a single volume. Astrao in- 
troduced a more plausible hypothesis to explain the 
same phenomena. He regarded the book of Genesis, 
and. later, the Pentateuch, as the work of a compiler, 
believing that Moses had before him certain old docu- 
ments, from which he had selected .as the occasion 
seemed to warrant. This represented Moses in the 
light of a modern editor, and this view did 
not gain the allegiance of scholars. Ewald, in denounc- 
ing this opiuion, put forth his own view, that the prev- 
alence of different names of the deity (Elohlm and Je- 
hovah) in different parts of Genesis, was due not to tbe 
fact that different authors had written different parte, 
but was to be attributed to tbe different terminology 
which the same author thought it proper to employ on 
different occasions. He endeavored to show that the 
names Elohlm and Jehovah had their peculiar signifi- 
cance. Tuch's Genesis, a new edition of which has 
been prepared by Merx, with a prefatory post- 
script of his own, brought prominently before tbe 
world tbe supplemental hypothesis. Accepting the fact 
that the hands of different authors were to be seen In 
Genesis and the Pentateuch, he held that there was one 
principal record, and to this supplements had been 
made by the editor and compilers of tbe books. This 
hypothesis found favor with many until tbe appearance 
of Hupf eld's work created a new phase in Biblical crtti- 
oism. Ho made divisions which have been essentially 
adherd to. First, the main distinction between E ion tat 
and Jehovist; again, with regard to the first of these, a 
new division into first and seoond Elohlst. We would 
then have first and seoond Elohlst and the Jehovtet. In 
order to combine these records of different authors he 
supposed an editor. In addition to this the book of Deu- 
teronomy required Its separate author. Here then, 
including the editor of Genesis, were five persons, to 
which was added later a sixth, who had joined the book 
of Deuteronomy and a great part of Joshua to the 
Tetrateuoh. Although Important additions and changes 
have been made, the basis of the work has not been 
altered. 

Boemer has made some important additions to this 
theory. He tries to explain different portions of the 
Biltle from the fact that they originated in tbe Kingdom 
of Israel or of Judab. Graf applies the theories that Have 
been applied to Genesis to the whole Pentateuch. He 
calls attention to a statement, which, if true, would be 
of tbe greatest Importance in establishing the chronol- 
ogy of the Old Testament. He endeavors to show that 
contrary to tbe received opinion, the laws of Leviticus 
are not older than those of Deuteronomy, in which there 
appears nothing of circumcision, nothing of a day of 
atonement. Graf then endeavors to prove that the laws 
of Leviticus were inapplicable to any state of things 
which had existed in Israel before the time of the Baby- 
lonish captivity. He therefore fixes their date after the 
time of the exile. 

What Prof. Adler especially desires to call attention 
to, is the fact that Graf deduces his propositions in a 
historical and archaeological manner; that he enters into 
the subjects of the books and endeavors to show from 
general historical principles what cau have be*u prior 
and what later. This change of method is of great im- 
portance. Hitherto literary peculiarities have taken 
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precedence. BJt In tbe case of a book like the Old 
Testament, containing as it does the rellos of the litera- 
ture of a people, it always seems to he a very precarious 
thing to deduce important theories from peculiarities of 
style. The difference in style, excepting the later Chal- 
dalo and the more degenerate style of Ezra, Daniel, 
and even Ezekiel, is not sufficiently pronounced to war- 
rant important results. An exception may be made as 
to the change of meaning which is traoeaole in the his- 
tory of words— a change whloh reflects the character of 
the time and the conditions of life. A good example is 
incidentally given by Gelge in his UrsohrlfU The word 
Uadtk (righteous*), he thinks, came to mean a mighty 
man— a man of violence— In which sense it is used in 
Isaiah xlix., 24. 

It seems to me, said Prof. Adler, that for all the labor 
that has been expended upon the oritlcism and exegesis 
of these books, comparatively scanty results have been 
obtained, scantier than the nature of the books or the 
high attainments of the men who have devoted their 
litres to this study should warrant. There is such diver- 
sity with reference to the composition of the books of 
the Bible that it shows how little the study o{ this chief 
part of Semitic literature has become a science. Thus, 
for Instance, with regard to the second Psalm, two 
prominent critics differ as regards the time of its com- 
position to the extent of an interval of a thousand 
years. Ewald attributes it to the time of Klog Solo- 
mon ; the other critic, whose name escapes me, puts it a 
thousand years later. Another evidence of disordered 
criticism is found on the 118th Psalm, 10th verse. A 
certain modern cntlo thinks he must find the peculiar 
circumstances under wbtoh these words were written 
(" In the name of God I will cut them off"), and be tells 
us with a very sober face that it refers to Alexander 
Janoreus subduing the Idumeans and foroiag them to 
enter the Jewish community. He would translate, " In 
the name of God I will circumcise thee." 

With Graf I think we have entered the proper path. 
The proper way seems to be to study the archeology of 
the Jews— which is being done pretty well— and to study 
the principles of mental development and the laws of 
national development, and to attempt to apply them in 
the particular field which we cultivate ourselves. I do 
not see why we should hesitate to acknowledge that the 
greater has risen from the smaller, and the higher from 
tbe lesser. I do not see why we should hesitate to 
acknowledge that idolatry was practiced. The 
prophets tell us themselves that it was practiced, and I 
cannot conceive why we should be more scrupulous— if 
to deny it be more scrupulous— than the prophets them- 
selves. 

Now. wherever we have met with Idolatry, we have 
found mythology. It would be strange indeed, if we 
should have idolatry in the Old Testament and not 
some rellos of the ancient myths. Indeed, it would al- 
most be derogatory to the character of prophecy to sup- 
pose such a thing, else where would be the superior 
nobleness and strength of conviction of the greatest of 
antiquity If they bad not to combat the same difficul- 
ties among tbe Israelites as were found elsewhere f 

I do not refer at length to the vast learning and 
splendid results of Geige. His labors in the field of 
Biblical criticism are of such great Importance, and can 
be so little appreciated without an Intimate knowledge 
of the later writings of the Jews, that I reserve a more 
extended discussion for some future occasion. 

In conclusion, let me direct your attention to one thing 
more. It is the fact that the text of the Old Testament 
was preserved with such scrupulous care by the people, 



that mistakes made in multiplying manuscripts were per- 
petuated as well as the correct portions: and wo are 
able now to detect many of those. In the 15th chapter 
of Exodus, for Instance, I think it Is clear that the 13th 
verse ought to be in the place of the 11th ; the connec- 
tion is then properly preserved. Bo Psalm lxxi., 8, is to 
be corrected according to Psalm xxxi., 4 (3d verse in 
Hebrew), and to be read Beth Mtzudot; the mistake 
occurring from improperly dividing the lines into 
words. So in Job xxxlii., 21, *' My flesh melts away so 
that it is no more seen, and my bones are dry; they 
are not seen ;" tbe word for ** seen " in Hebrew is 
Ra-ah; which probably, by the change of a letter, waa 
substituted for Ravah, which means to '• drink,'* and 
which, if restored to the text, makes the parallelism 
complete; thus, "My bones are dry because they have 
no drink." 

An example of a mythological construction is the 
story of Achan. Any one who has ever read carefully the 
Book of Judges must be aware that the mental and 
social condition of the people there set forth does not 
permit us to suppose that a reign of pure monotheism 
preceded. The fact that Jephtha offers his daughter 
without any blame attaching to himself ; the face of a 
Levite serving as priest to an Idol, gainsay this. The 
whole character of the book shows that the time of 
Joshua, as it is represented to us, is rather the picture 
of a golden age, rather an idealization than a historic 
period in thd realistic sense of the word. Into this 
period the ideals of the people were projected. The 
word Aohan at first sight seems to have no explanation 
in Hebrew. But we find that the name of the valley 
was Amek-Aohor, " valley of walling." We 
are elsewhere told that in this valley of wailing there 
was a huge heap of stones. The people had no explana- 
tion for this mass of stones thrown together. They sought 
one. Everybody who has traveled in mountainous 
countries knows how peculiarities of the country are 
personified. There, then, was a mass of stones as one 
element for a tradition ; the " Valley of Walling' 9 fur* 
Dished the other element* To connect those was simple 
enough. Amek-Aohor was the valley of a man named 
Aohor. The stones were easily associated with the 
Jewish custom of stoning offenders, and the priests, 
therefore, laid hold of this fact to Impress upon the 
people the necessity of offering their booty to the syna- 
gogue by telling of tbe punishment which had befallen 
Achor. There seems to be some verification 
of this theory in the fact that in 1. Chron. 1L, 
7, this man Aohan is actually called Achor. 
We should be apt to receive this very readily if it were a 
Greek myth. As it is a Hebrew myth I doubt whether 
it would be received as such. I do not offer It with any 
degree of certainty, hut only as one of tbe means by 
which those who study the Hebrew books in the light of 
philology may in time arrive at conclusions whloh would 
be more certain than those of to-day. 

DISCUSSION ON DB. ADLER'S PAPER. 

Br. Gardiner of Mlddletown came immediately to the 
rescue of the, Inspirational theory; but his good taste 
prevented him from precipitating a theological discus- 
sion. He simply rose In protest, and said he supposed 
that to take auy view opposed to this would be to take 
theological grounds, which would be out of place. He 
supposed Prof. Adler had meant to present this view 
not as the prevailing view of German thinkers* but aa 
the view of some. 

Prof. Adler by no means wished to say that that waa 
the generally received opinion in Germany ; but it la 
the received opinion among the majority of writers, if 
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be mistook not Not certainly wbat be stated in the 
latter part of bis remarks. In wbat be bad presented as 
more or less generally received be would pause wltb 
Graf. He owed to Gorge the view that tbe ideas of tbe 
later period were projected Into tbe former part of Jew- 
ish history. lie would mention Dell tech as a conserva- 
tive, differing from those views, but conceding tbe fact 
that the Poutateuch was written by Moses while he 
asserted chat there was a Mosaic kernel and a Mosaic 
spirit. 

Dr. Hopkins of Cambridge, who by the way is a sound 
Episcopalian, had listened to Prof. Adler with a good 
deal of satisfaction. He tbought the discussion entirely 
proper. As a literary society, it was Interesting and in- 
structive to have views of different schools of thought 
brought before them. He differed from Prof. Adler in a 
good degree, but was none the less gratified at his clear 
and learned exposition of a view which Is taken by an 
Important school of* modern learning. Still he thought 
some of Prof. Adler*s conclusions rather hasty and per- 
haps rasb. He suggested that conjectural emendations 
of authors, whether saored or profane, was at the pres- 
ent day one of tne gxeat sources of dissatisfaction and 
error. 

HEART, LIVER, AND LUNGS, BTTMOLOGICALLY CON- 
SIDERED. 
The Hon. J. H. Trumbull read an interesting and original 
paper on " Tne Names for the Heart, Liver and Lungs." 
The drift or the paper, which exhibited great ingenuity 
as well as extensive research, was to show the primary 
and secondary ideas which are associated with tbe names 
for the superior viscera not only In the North American 
Indian languages, but in the European and Asiatic lan- 
guages. The Chippewa Opan, Illinois Apani, denote 
the lungs of a man ; and Chippewa Abanini, literally 
" lung man/' one who is a slave or servant. To say that 
a mau was " all lungs" was to call him an Inferior being. 
The expression " He la lungy," means he is a dolt, he 
has no wit. It is so In the Sioux; OKapu, lungs. Chaff- 
huka a fool. In Arrapahoe, Kuna, lungs; XunanU, 
cowardly. 

Take tbe word " pluck" in English. It has the double 
meaning of that whion is plucked or pulled altogether 
from tbe outside of a slaughtered animal : it is then 
used for courage, spirit, energy, as to pluck up heart or 
spirit. Heart in the ancient Egyptian is a word denot- 
ing mental status and activities; so in the Hebrew and 
In the Chinese mental constitution ; also desire anJ 
appetite. Of the latter the liver seems to have been 
regarded as the peculiar seat. The character for the 
heart, sin, enters into the composition of a great number 
of words. He found 1,097 beginning with the radical 
tin. In the Indo-European family we have everywhere 
the reference of the moral character, tbe will and emo- 
tions to tne heart. By the Orientals the liver was re- 
garded as the seat of the passions and the animal nature 
of man. Borne Chinese writers make the lungs tbe seat 
of righteousness and the liver tbe seat of benevolence; 
mere vigor and courage seems to iave been assigned to 
the gall. 

The derivation of the French* Spanish, Portuguese, 
and Italian names of the liver (fole, hlgado, flgado, 
flgatoj are from the figs with which the Boinaus used to 
stew the livers of geese. " It might pass," said the doc- 
tor, " for an etymological joke if it were not a faot." 

In Chinese. " bis lungs and liver " expressed his in- 
most thoughts. In many languages lungs are named for 
their lightness. The old naturalists held tbat the smaller 
the lungs in proportion to the body the greater tbe 



swiftness of the animal. Hence large lungs began to 
be associated with dullness, sluggishness. The notion 
of contempt attached to the lungs comes from this 
notion of lightness, lacking weight, tben frt.m the no- 
tion that tbe larger tbe lungs the slower the animal; 
and among the Amerloan Indians, from the fact that the 
lungs wore tbe last part and tbe least worthy part, which 
was given away when an animal was divided at a feast. 
Tbe least important guest received tbe lungs. 

Papers were also read by Prof. Whitney on the Anu9- 
vara; by Prof. BauUbury, an elegant translation from 
the German of Sohnaase on Mohammedan art In its 
relations to the ideas of Islam; and by the Rev. Mr. Jeuks 
on the identity of the Hebrew Shaddal and tbe Egyp- 
tian Butt The Sooietv, after passing a vote of thanks 
to the Amerloan Aoademy for tne uw of its rooms, 
adjourned to meet in New-Tork on the 30th of October. 



SAFETY AT SEA. 

IRON VESSELS THAT WILL NOT SINK. 

PRINCIPLES OF CONSTRUCTION OF OUR OCEAN 
STEAMERS— METHOD ADOPTED IN NAVAL VES- 
SELS AND THE GREAT EASTERN— THE CELLULAR 
OR DOUBLE SKIN SYSTEM. 

Iron shipbuilding was made possible by 

Curt, who iu 1764, or thereabouts, introduced his dis- 
covery for the manufacture of plates aud bars of iron 
by the use of rolls. In the process of growth of a new 
science of construction some errors, some misconcep- 
tions are inevitable. When lrou was first used in ship- 
building, tbe attempt was made to follow lu the metallic 
construction the plan so long adhered fo with wooden 
ships. In them, ribs of wood are set up attached to tbe 
keel at the bottom, and held together at the top by the 
transverse neck beam*. On this plan the earlier iron 
ships were, and now are, to a certain extent, con- 
structed. 

MODE OF CONSTRUCTION. 

Iron ribs took the place of the wooden ones, and tbe 
sheathing of planks, caulkod and covered with copper, 
was replaced by plates of iron nvited to the ribs. As 
the experience of the shipbuilders increased and as 
science was furnished with tbo data of previous experi- 
ments, the transverse construction, or that which more 
closely imitated the old woodeu ships, was found to be 
less efficient than that known as the loniritudlnal sys- 
tem. Tins latter consisted in ruunlng along the iufclde 
or the ship, parallel with the kelson, strong side kelsons, 
placed a lew feet apart, and meet lug or running into 
one another at the bow or stern, as the ship's lines be- 
come fine at either end. 

The kelson, it will be understood, is almost like the keel, 
the difference being that it is placed inside of the ship 
instead of outside. It runs directly over the keel and is 
bolted to it. Bide kelsons are similar, running parallel 
with the main kelson. To strengthen those longitudinal 
beams, angle iron was worked trans verse!/ over them, 
forming a system of ribs which added to the strength, 
while requiring lees iron than was formerly used in the 
transverse system. 

Looking downward into tbe bottom of a vessel thus 
constructed, we should see that it was divided into a 
series of square oompartmeuts. Over these were placed 
plates which, parallel to the skin or outer covering of 
the ship, formed a second skin, one ship built inside of 
the other, as It were. Thus by eouneotlag every sixth or 
eighth transverse rib with the bottom, the whole of the 
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ship's bottom and Aides was divided into a number of 
small water-tight coalman ments or celts, auy ono, or 
slmost auy number of which, could be filled with wuter 
without endangering the ship's ability to float. Two 
thicknesses of iron had to be plerceil before vital dam- 
age cooia be done to the vessel* This is called the 
* cellular construction," ai*d ships built in this way are 
said to have a "double bottom" or a " double skin." 
GBNKBAL APPLICABILITY OF THK DOUBLE 8KB*. 

Though best applied to vessels with the longi- 
tudinal system of framing, the cellular or double 
bottom can be used iu ships having trans- 
verse frames. This construction was used for 
vessels of war, where great strength and security 
were required, but by John Scott Russell It was 
Introduced in the Great Eastern, the first merchant 
Bteamer having a double skin. It probably saved the 
t reat ship in a moment of periL 

The cellular system must not be confounded with the 
watertight compartments or bulkheads used In 
all our transatlantic steamers. These bulkheads are 
Iron divisions running directly across the ship from side 
to side, and from kelson to decks, dividing the Teasel 
Into as many separate transverse compartments or di- 
visions, any of which may by some acoident become full 
of water without endangering the safety of the vessel. 
The construction of rtie bulkheads may be illustrated 
by a long hall or room divided by walls into a number of 
sections, communicating by doors. Shut these doors, 
and any of the divisions might be filled with, say smoke, 
without the others being penetrated. Their distance 
apart should be about equal to the ship's beam. The 
Idea originated with the Chinese in their trading vessels, 
and wa« introduced iu Englaud by Mr. Williams about 
1880, or a few years earlier, in very nearly the present 
form. 

The recent loss of so many iron vessels has given a 

foundation to the idea that their strength is inferior to 

that of the old wooden steamers, or at least that they 

are more liable to sudden and serious disasters, and that 

less rough usage will unfit them as efficient sea-boats. 

What safeguards are provided against accident in our 

ordinary transatlantic steamers f They ore all provided 

with water-tight bulkheads, which divide them into 

seven or eight sections, and which are supposed to be 

a sufficient safeguard against any ordinary eaiamity, 

out thoy are not built on the cellular system, with 

double skins from the keel to the water line. 

SAFETY OP CELLULAB CONSTRUCTION. 
By this latter u.ode 01 construction we actually reduce 

the chances of acoident to a fraction, for we plaoe one 
ship inside the other, and we make It necessary that 
ooth the inner and outer skin be pierced before we have 
recourse to our water-tight bulkheads, which under all 
dreumstancee are the last resort. The facts of the oase 
are these : Our iron vessels, as at present built, are not 
ss strong as the old wooden ones. Less force Is re- 
quired to pierce a hole, either by a rook or by a collision, 
through the plating of our iron steamers than was re- 
quired to break through the seven or eight inches of 
wild wood used In the vessels of a few years ago. 

Though the desire of the owners of steamships to make 
money has thus induced them to depart from the sound 
practice by building single-skinned ships weaker than 
their modern predecessors, it is no argument against 
the use of iron in the construction of vessels. The more 
we study the scienoe of shipbuilding the more we learn 
to appreciate the fact that a vessel is to be regarded 
limply as a beam or girder, subject to different strains, 
lependlng upon the way she happens to bo aupr 



ported by the waves, whether in the middle by ooe 
wave, or whether by two waves, one at each eud. Thus, 
in calculations, we treat a ship, and as the result of our 
figures we find that the strength must be placed in the 
bottom and in the top of our vessel ; that the resisting 
power of the upper deck to crushing and tensile strains 
must be about equal to that of the ship's lK>ttom. It 
will be observed in looking at an Iron beam or girder 
that the btrength is placed at the top and bottom. In 
this oase the dlbtates of both science and practice have 
been observed. But, in opposition to this system, which 
has been proved to be correct, our present iron vessels 
grow gradually weaker from the bottom up till the 
upper deck is the weakest of ulL Now strength could 
be insured in the bottom, whloh should as least equal, if 
not more than equal, that of our wooden ships; but to 
do this would require that the iron be much thicker 
than at present, and the weight would be increased in a 
greater proportion than the strength. 
STRENGTH INCREASED IN PROPORTION TO WEIGHT. 
Here comes in the value of the cellular construction 
with the double bottom ; the weight is increased in pro- 
portion to the strength, and we obtain a result which 
for safety is far ahead of that secured by the mass of 
wood in the wooden ships. If the longitudinal system 
of framing is adopted, we shall also have a gain as to 
weight over the transverse system, and this amount of 
iron saved can be used in making the upper deck cel- 
lular also, as was done in the Oreat Eastern, thus 

making our vessel conform closely to the structure of 
a girder or beam, the result which we wish to obtain. 

Let us see whether the cellular svstem has done any- 
thing to prevent vessels sinking. When the Oreat East- 
ern was entering the Sound she struck ou a rook aud 
perforated her outer plating. The damage was serious ; 
seven hotas were made, one 86 feet long by four or five 
wide. TransversH bulkheads as put into a ship would 
not have saved her; she would have sunk so rapidly 
that her passengers oould not have rescued the upper 
deck, had she not had a double bottom three feet inside 
of the one pierced, which being intact kept her afloat 
and would have continued to do so had she desired to 
make the voyage home again. Bhe was repaired in New- 
York without being removed from the water by Mr. E. 
8. Renwick. Other cases can be given of naval vessels 
with the cellular construction whloh have been saved 
after almost equally severe damage to their outer 
plating. 
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Two diagrams will more clearly explain the construc- 
tion of vessels built with the longitudinal system of fr*ui- 
ng, and with double bottoms. No. 1 shews a cross section 
of suoh a ship, and No. a Is an enlarged view of the bottom 
from the keel to the water line. The parts lettered A 
B, C, D, are the longitudinal frames running the lengtn 
of the ship, the parts marked d are the plates of the 
inner skin meeting the outer plating at the water line, 
on a point a little above it. The gusset pieces are. 
worked in to strengthen the construction, the ribs of 
angle iron, as shown by d, also giving stillness to the sides 
aud serving as bracings to the longitudinals A, B, C, D. 
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It will be aeon how oornparatlvelv safe oust be a stalp 
with all the WHteMiirht cells V, V, V. The mere plere- 
ln«r or the outer shell snffl.*ettt In itself to Hlok vessels 
of the present build, will not injure a ship built in this 
maimer. The dlstanoe apart of the tuner and outer plating 

should be between two 
and three feet, preferably 
the latter. This method 
of construction can be 
used either for steamers 
or aniline vessels, ami in 
either case the protection 
is of the most perfect 
nature which can prac- 
tically be used. 

EuoHftli has been said 
clearly to demonstrate the 
superiority of cellular 
ships, whether the dan- 
ger menacing them be a 
rocky coast, an approach- 
ing vessel, or an opening 
in the seams of the plating, 
so long as we have two 
thiokuesses of iron be- 
tween us and the water 
we can rest in the com- 
fortable assurance that no 
ordinary calamity can 
cause our vessel to become 
suddenly unseaworthy. In 
advocating the adoption of 
the cellular construction 
for the transatlantic 
steamers, It is not pro- 
posed that an experiment 
be tried, bur. simply that the 
views of some of the most 
eminent shipbuilders of 
the world be adopted. 
John Scott Bnsseli has, 
both in his practice and in 
his great work on ship- 
building, advocated most 
strenuously the adoption 
of double bottoms in ves- 
sels of any considerable 
sise. Sir William Fair- 
balro considers that the 
cellular construction is the 
only method which pre- 
sents the maximum of 
safety, and he advises Its 
adoption. Others equally 
eminent in all matters per- 
taining to shipbuilding 
predict that the longitudi- 
nal fruming combined 
with an inner skin will 
enable Iron ships to meet 
safely the dangers which 
now are almost certain to 
cause their destruction. 
Haste to be rich alone delays the adoption of these im- 
provements. The law may eventually do much, but more 
can be done by the public—by* travelers and shippers of 
freight not Insured above its value, by simpfy refusing 
to patronise those lines which do not hold out as 
an inducement, ut least for passenger traffic, the safety 
afforded by ocean steamers with double bottoms, *hton 
shall be a little better than egg shells. Thus can the 
pocket nerve be touched of those who, with the light 
of science and experience, for the sake of a saving 
In first cost, send every year many thousands of souls 
across the broad Atlantic in ships whose construction 
violates the known rules of safety. 
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ERRATA, 

Kin 7: For "Taceon,'' read ZVoac*. 

Use 28s For M G. H. Long." read & H. Long. 

llnee 31-32: For "Lieut*. J. Allen ana School- 

J. Allen and Dr. Schoolcraft. 

line 25 1 For " 0*C Ord." read O. O. Ord. 

line 33: For "Timpson." rrad S**p*>n. 

lines 47 and 64 : For '* Kauai" read Jtanab. 

line 31: For " Isidro," rend Tsidro. 

line 68: For •' Membra*," read Aftmoii**. 

line 37 1 F.>r " Jaae-Utes," rend 0o-*t-Ute*. 

line 2: For " JUekenbnrg," read fPicfetnoer* 

line 5: For " Ham ell," read HameU 

line 6: For *' be vera," read Salmon, 

line 83s For "Kott," rand KktU. 
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the Situation ; Phillip*'* Loat Arts : Bellow*'* la There a God f Hark 
Twain'* Sandwich Island Letter*. Price. 10 cent*. 

Extra No. 3. —Illustrated.— Prof. Wilder 1 * Brain ana Mind: Pro* 
Barker* « Chemical Diseorerie* of the Spectroscope; Pn«f. Youua/aAs- 
tionomicsl Conquests* Prof. Young's Present Knowledge of the San. 
Price. 10 cent*. 

Extra No. 4.— Six Shakespearean Stndiea. by John Weiss; seren Art 
Studies, National Aeademr Coarse ; Partoo's Pilgrim Father* a* Men of 
Business ; Bret Hone's Argonauts of '49. Price, 10 cent*. 

Extra No. 6.— Illustrated.— Three Leotaiea by Prof. Lode Klaberg . 
on Sound and Hearing, Voice and Speech, and Explanation* ol 
Musical Harmony ; Fro!. BenJ. Sllliman's Deep Placer Mi am* in C*> 
fornla; Ur. R. w. Raymond on the Seven Sense*; Parke Godwin on 
Tme and False Sciences Prof. B. L. Toamana on the Limits of Science. 
Price. 10 cent*. 

Extra No. 6.— Beecher'a Seren Lecture* tor' Ministers: Thought* tor 
Minister*— Thoughts upon Prayer— Prayer-Meeting as It la— The Ideal 
Prayer-Meeting— Mu»io in Churches— bociety in the Church— The Fin- 
ger* of the Church. Price. 10 cent*. 

Extra No. 7.— Beecher'a condulta* Lecture*: Revivals in the Cbnreh 
— Relifiou* Awakenings— Thoughts on Revivals— A Religion* Expert- 
ence. Abo, " The Morarlan Church." by de SebweiniU; '• Creed State- 
ment*," by Thomas Starr Kin*:; "The Death Men**?," by Boree, and a 
M History of Sectarian Appi opriationa." Price, 10 cent*. 

Extra No 8.— The Method of Creation— Twelve tieoturen by Prot 
Agassis, concerning Animal Life.— Vestige* of Antiquity, showing the 
similarity oi the remains of earlier race* in the Ha* tern and Western 
Hemispheres, br Dr. Le Plongvon— The Fossil Man of Mentoae. illus- 
trated—The Art of Dyriag, a lecture by Pn£ Chandler— The Wen In 
Age* Past, an illustrated descr.uiiuc of the womierral Po*hiU diseoTered 
in the Rooky Mountains by the Yale College Expedition* under Prot 
Marsh. Price, 10 cents. 

Extra No. 9.— Illustrated.— Six Lectures on Astronomy br Richard 
A. Proctor, and Lecture* by ProL Agaasis at the Anderson Seboot on 
Peuikese Island. Price, 10 oent*. (Pamphlet Edition, 20 cents.) 

' Extra No. 10.— Illustrated.— Science for 1873.— Proceeding* and 
Discussion* of the Annual Meeting of the American Association tor 
the Advancement of Science, at Portland. Price. 10 cent*. 

Extra No. 13.— The Parmer*' War— Letter* frim the Western State* 
—The Rise, Progress, and Purpose ol the Farmers' Orange*. Prion, 10 
cent*. * 

• « 

Extra No. 14.— Exploring Expeditions— Prof. Agassls's six Lecture* 
on the Valley of the Amaaon (delivered in Mew- York lo 1867, and now 

?ibtisbed in complete form for the first time)— .New Route to the 
eilowstone Park JCrpU Jones's Expedition of 1873)— The United 
State* Surveying Expedition to the Rocky Mountains during 1873 

i Letter* bv Prof. W. D. Whitney of iale College, and Dr. F. V. Harden, 
ihief Geologist in charge of the Expedition). Price, 10 cent*. 

Extra No. lftw— Discoveries on the site of Ancient Troy (Letter by 
Bayard Taylor)— Brown-Sequani's six Lecture* on the Nerves— Proc- 
tor's four Farewell Lecture* on Astronomy- Price, 10 cents. (Pamphlet 
Edition. 20 cents.) 

Extra No. 16.— The Brooklvn Congregational Council— Proceedings, 
Discussion*, Decision, and a Review by Rev. Dr. .Leonard liacou. Com- 
plete. Price. 10 cent*. 

Extra No. 17.— Metropolitan Sermon*— Report* of Sermon* by the 
the vrinapai preacher* of all denomination* in New- York. Brooklyn and 
Jersey Oi{y. Price 10 cent*. (Pamphlet Edition. 20 oent*.) 

Extra No. 18.— Sumner Eulogies? Senator Schun's Great Speech at 
Bo*ton— Congress Tribute* Congressman Elliott'* Speech, Price, 6 
oenta. 

Tribune Extras. No*. 8, 10, and 14. Inclusive, will be sent by mall to 
any address in the United State* tor 25 cent*; No*. 1 to 9 inoluslva. or 
No*. 6. 7, 8, 10. and 12 ; or No*. 8, 10, 12. and 14 ; or No*. 1. 3, 6, 
0, 8, 10, and 14, will be sent to any address for 60 cent*. 

%ST The entire Extra series above described sent by mall for $L 

, ty Additional Extra aneets containing the Credit Mobiher report*, and 
the popular novels. (No. 1) " Lords and Ladie«," (No. 2) •• May," (bo. 
S) >r A Pair of Blue Bye*," each by mall, 10 cent*— and (No. 4, 20 pages) 
" The Wooing CT," 20 cent*. 

Extra No. 12.— Erangelleal AUlaae* Extra (thirty-two pages), 26 
cents. 

Extaa No. 19.— Meeting of the National Academy of Science* at 
Washington, April, 1874 \ Have We Two Brain* f Dr. a K. Brown- 
Se^quard; Effect* of Alooliol. Surgeon-General Hammond; LougJellow, 
J. l. Fields; Wheeler's Western Servers ; The Transit of Venn*, fee, 
Price, 10 oent*. (Pamphlet edition. 20 cent*.) 

Extra No. 20.— Metropolitan Sermon* (Second Series.) Pxtco 10 
cent*. (Pamphlet Edition 20 cent*.) 

Adore** THE TRJBUNF, New-York. 

* The trade supplied by the News (Companies in New-York, and H. L> 
Sbepard It Co., Boston, 



THE HEW TRIBUNE BUILD1N&. 



The new Tribune Bnildinir, now In course of 
ereotiou, occupies the historic rite of THB Tbibumk, 
on the corner of Spruce and Nassau-sts., one of the 
most important pentad points In the City of Kew- 
York and the ino«t eligible location on Manhattan 
Island for ■ great newspaper office. Tbe sew 
Tribune Building will be the largest newspaper 
officii in the world, and will contain more than four 
times the space of any other printing-huuso in 
the city. When complete it will front 91 feet on 
Printing-House-squaro, 100 feet on Sprnce-st., and 
will extend through to Frankfort-st., a clear depth 
of 168 feet, and with a front of 39 feet on the street 
last named. Only a portion of the building, that 
fronting on Printing- House-square. 81 feet, and on 
Sprneo-sfc, 53 feet, is now erecting, snd this will be 
so tar completed as to allow its occupation by The 
TarnusE before the remaining section Is began. 
In this front building, as well as the completed 
structure, will be a cellar, basement, and nine 
stories, excluding the attic. On Prlnting-Hoose- 
sqnare, above huge foundations, laid In with 
granite bondVplates and cap-stones, a majestic 
tower will rise nearly 280 feet. The main entrance 
will be In the front of this tower, which, from the 
Starting point of the foundation, SB feet below the 



sidewalk level, to the top of the flnlal, will re 
286 feet. The higlini of the stories are as follows: 
First story, comer office (to be need as The Tbibcsh; 
counting-room), 21 feet, with a rise of 18 inches 
above the curb at the intersection of Nassau and 
Sprace-sta.; first story, office north of main en- 
trance, floor 8 feet Inches above tbe curb 14 
feet bigb; second, 19 feet inches; third, 12 feet; 
fourth, 11 feet 6 inches; fifth, li foot; sixth, 10 feet 
9 inches; seventh, 10 feet 6 inches ; eighth (com- 
posing-room), 20 feet, and ninth, 10 feet. From the 
curbstone to the eaves at the top of tbe outside 
wall of the west (Spruce at.} front will measure 100 
feet; the roof Is a Hansard, with peaked top, 
and rises about 40 feet bom the eaves to the top of 
the peak, making the hight from curb to peak on 
the main front 1M feet. On the Spruoe-st. ride 
the decline of tbe curb is about five feet, ao 
that the bight at the south-eastern corner will be 
over ISO feet. Sixty feet from the curb, the tower 
is corbeled out, projecting from the face of the 
wall 3 feet Inches, and this projection is continued 
to tbe top of the masonry of the tower, 190 feet 
above tbe curb. At the hight of 150 feet a little 
balcony appears on tbe front of tbe tower, and from 
this the national flag will be displayed on suitable 
occasions. One hundred and sixty-seven feet from 
the ground will be an immense clock with fonr dials 
each 13 feet ii> diameter, which will be illuminated 
at night. The figures on the dials are to be cut in 
granite and gilded. The inside facing will be of 
plate glass, through which the light from within 
will display tbe figures. The tower will be 
[onr-slded, snd at the point where it rises 
above tbe roof will he 17 feet square. It will he of 
solid masonry to tbe bight of 190 feet from the curb, 
and above that point will be of iron covered with 
slate, rising M feet higher. In tbe lower part of this 
spire will bo four arched openings to be reached by 
a staircase, and from these far-reaching views of the 
city, the bay, and all the surrounding country about 
may he obtained. 

The construction of the building is of the most 
substantial and enduring kind, such as shall insure 
its standing for ages a fit memorial of tbe great 
Founder of Thk Tribune, and a perpetual testimony 
to tbe success of the great journal into which he 
breathed tbe breath of life. The foundation wails 
rest npon a concrete bed 10 feet wide and 18 inobes 
thick, composed of Portland cement, sand, gravel, 
and stone, a composition novel in this citv, and 
hardening very quickly into extreme solidity. 
Upon this concrete is a continued course 
of granite slabs IB inches thick, and varying 
from 10 feet to feet inches In width. Under the 
piers of tbe front and the tower walls are other 
granite slabs over tnese, some of which weigh more 
than 10 tons. Upon these granite courses the briok 
work rests. Tbe piers of the front are of so-called 
Croton pavers' brick, laid In Portland cement, with 
granite bond-stones 10 inches thick. The inner walls 
are of Haverstraw brick, laid in Bosendale cement. 
On the level of the basement floor starts tbe granite 
work of the front extending in solid blocks, bond- 



foj? alternately through the whole depth of the piers 
to the second story. Baltimore front brick, laid in 
black mortar, will be the chief material above the 
second-story level. The trimming* of the first story 
tv ill be of Qnincy granite, and of the others, -white 
granite. Windows, cornices, and towers will also 
have heavy granite trimmings. The solid character 
of the struct are is shown by the thickness of the 
walls, which, beginning at the street level in the 
first story, will be 5 feet 2 inches thick, diminishing 
gradually to 2 feet 8 inches at the eaves. The north 
end south tower wall* are to be 4 feet thick to the 
level of the main cornice, then 8 feet 2 inches to the 
level of the eaves of the tower roof. The main 
piers, window piers, and jambs are each to have a 
reveal of 13 inches. The intervening space between 
the pilasters, of which there are five, or the western 
and southern fronts respectively, is 16 feet. Geomet- 
rical designs in white, black, and red brick will vary 
the appearance of the exterior, and a row of small 
granite columns extending around the entire front, 
on three streets, will make an imposing feature of 
the seventh story. 

The excellence of the interior of the building will 
fully equal the merits of its exterior. First among 
its claims to praise is the fact that it is ibsolntely 
fire-proof in every part. All floor beams will be of 
iron, supported only by solid masonry. The floors 
will be of tile, and the partitions of tile or plaster of 
Paris. Not a siugle cast-iron column will be used as 
a support. The stairways will be of fire-proof 
material, and will be built in substantial masonry, 
and the elevators will be thoroughly protected. As 
the roof is entirely covered with slate, no danger 
need be looked for from that quarter. The arrange- 
ments for light, heat, and ventilation will be no- 
equaled. Ail the offices, halls, and staircases will 
be lighted from the outside, and in every room a 
direct supply of fresh air will be furnished through 
openings beneath the window-sills. The heating 
will be by steam. Three elevators will give easy 
access to every story, and the whole building will 
be supplied with every device for comfort and 
beauty. The main entrance, 9 feet wide and 18 feet 
6 inches high, is flanked on either hand with mas- 
sive columns of highly polished granite. Lining 
and finishings of granite in the vestibule will cor- 
respond to the outside, and the ceiling will be 
vaulted in groined arches with Baltimore brick. On 
either hand, as the vestibule is entered, will be seen 
large directories guiding to the numerous offices in 
the building. 

South of the main portal and entirely distinct 
from it will be the entrance to The Tribune count- 
ing-room. Just within the doorway will be placed a 
life-size statue of Mr. Greeley of marble or bronze, 
the material for the work not having been decided. 
The Tribune counting-room will be 20 feet hi 
width, and occupy the whole front on Spruce-st. It 
will be admirably fitted and provided with pneu- 
matic and speaking-tubes, electric annunciators, 
and other means of communication with the edito- 
rial zooms. These will be in the seventh story, 
and the compositors' room in the eighth, 



till the entire building la finished, when the 
editorial rooms will be in the lofty eighth 
story— which has a night of 20 feet— on 
the Park front, and the composing-room, stereotype- 
room and proof-room will be in the rear of the sauna 
story, running from Spruce to Fraukfort-st. With 
the exceptions of these portions of the building and 
the basement room looking on Spruce-st., which will 
be also used by The Tribune, the entire building, 
from the ample bankers' office in the basement to 
the eighth story, will be for rent for professional 
tenants. No manufacturing business of any kind 
will be admitted to the front building. In the base- 
meut and first story of this building there will be 
handsome bankers' offices, 45x27 feet, north of the 
main entrance. The rest of the available space on 
the first story will be taken np by the counting- 
mom. On each of the floors above, to the eigth, 
there will be seven eligible apartments, provided 
with every convenience. 

When the front building is finished, The Trib- 
une will remove into it from its present quar- 
ters, which, with the other structures on the estate, 
will be immediately demolished, and the building 
of the rest of the edifice will be pushed forward 
rapidly. Richard M. Hunt of this city is the archi- 
tect. The mason work is done by Peter T. O'Brien 
of this city, and the cut-etone work by James G. 
Batterson of Hartford. 



The New- York Tribune is beyond a doubt 

the mot«i influential, fearless, ami independent paper 111 
the country. It never enters the field of startling sensa- 
tlous, but gives tiio news and discusses all public sub- 
jects in a 8pint of candor and houestr.— [Great B a rr lug- 
ton (Mass.) Courier (Administration Republican.) 
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CHEAPEST AND BEST." 



A STANDARD NOVEL FOR TEN CENTS* 
Thh Tbibbxb series of Standard Works of Fiction, began lot 
than ■ rear ago. has proved a great snccesa. In the e&watial quali- 
ties of real merit aud cheapness no other norel publication in the world 
can compare with Thb Tribukb " Extra " Boric*. To any regular sab- 
serlbentoTHB Sbxi-Wbbklt Tkib7XB who lose one or more (am- 
bers containing Installments of the Norel while in coarse of pnblics- 
tion this reissue Is a great advantage, enabling then to obtain the 
work complete at a merely nominal snm. Four Novel " Extra*," con- 
taining the following standard snd popular fictions aw now re Ad r I 
No. h LORDS AND LADIES. Price 10 cents. 

w«. «J 5 MAY, bj Mrs. OuPHAirr. * _. , rt 

no. A. j ifc.fco^B oF FiDo^u fOWN. J - pnc « 10 <»«»"■ 

No. & A PAIR OF BLUR EY38. Price 10 oents. 
No. 4. THE WOOING O' T. Pr.ce 20 cents. 
Either of the abore senc by mall, postpaid, to sny address In the United 
States on receipt of price. Address 

THB TRIBUNE. New- York. 



THE CROWNING WORK OP A LIFE.— The 
co mplet e series or Cambridge Lectures br Trot Lous Agassis, oa 
THE METHOD OF CREATION, in which are girea bis latest aosw«* 
to the Derelopment Theory of Danria. and his best argument against 
the materisllatie tendencies of tbe sge, is pnMishei in fall in THE 
TRIBUNE EXTRA No. & In these memorable Lsetnres Prrt Agassis 
gave to the scientific world the ripeit frnl of hts Teirs of stair, re- 
search, and observation on the conflict between Seienoe and Cbris- 
tianltr. TRIBUNE EXTRA No. 8 contains the entire series without 
enrtal Intent. Pries by mail, postpaid to an* address in the United 
States. 10 cents. Address 

THE TRIBUNE. New-Torn* 



THE GREAT FAMILY NEWSPAPER, 



Which publishes all the news. 

Whioh Is honest and independent in all things. 

Which Instructs and educates Its readers at the same 
time that It gives them the news. 

Which reports the best thoughts and opinions of lead- 
ing men, as well as the actions of others. 

Which brought the first news to the American pnbllo of 
the surrender by the 8panlsh authorities of the steamer 
Vltfriiilns to the United States, a Tribuhb correspondent 
having been the only civilian present and witnessing 
the ceremony of transfer, and the first messenger to 
announce the fact to the Admiral in command of our 
Gulf squadron. 

Which surpassed all other papers, secular and reli- 
gions, in its reports or the proceedings of the Evangeli- 
cal Alliance, at its recent meeting in New- York, in Octo- 
ber, 1873, publishing dally from 18 to 94 columns, In all 83 
pages, closely filled with tbe narrative of the Alliance 
meetings, an achievement In Journalism for which The 
Tribuvs received the formal thanks of the Alliance and 
the compliments of the religious press of the country. 

Which gave a complete and adequate account of the 
transactions of tbe American Association for the Ad- 
vancement of Science at its recent annual meeting at 
Portland, Me., and republished the same in a Tbibuxb 
Extra Sheet. 

Which published entire, Agasfeiz'a great series of leo 
tares on the Method of Creation, being a conclusive 
scientific answer to the Darwluian theory. 

Which has reported fully and faithfully, during the 
past year, the lectures of Tyndall on Light; of John 
Weiss on Shakespeare; of Wendell Phillips on Art; of 
Prof. Toung on Astronomy ; of Prof. Toumans on Sci 
jnoe, and of Bret Hartc, Parton, and Mark Twain, on 
lighter subjects. 

Which published Beecher's Tale theological lectures in 
full— eleven practical sermons to young ministers. 

Which has the most complete and Intelligent foreign 
correspondence of any paper In the United 8tates. 

Which carries on no quarrels with its rivals, and ex- 
cludes mere personal issues from its columns, devoting 
the space thus rescued to news and more important 
matters. 

Which recognises agrloalture as the foremost industry 
of the country, and prints more Information of value to 
the farmers of the country than any other daily paper, 
if not more than any agricultural paper. 

Which admits no impure or immoral advertisements to 
its columns, nor publishes anything whioh is not befitting 
a refined family circle. 

Which is always the first, fullest, and most trustworthy 
In its news, sparing neither money, effort, nor exertion 
to t>n p ply its readers complete information of every im- 
portant event. 

Which anticipated every other paper in the country, 
and tbe Government itself, in the news of Custer's vic- 
tories over the Sioux on the Yellowstone, and of the 
safety of the Polaris survivors. 

Which had tbe fullest, most graphic, and intelligent 
accounts of the events of tbe recent great financial crisis. 

Which disclosed the crimes and corruptions of the 
Brooklyn ring in advance of all other papers. 

Whioh was never so prosperous a od flourishing as at the 
present time, and whioh is erecting the finest newspape 
•flee in the world. 



WHAT THE PRESS OF ALL PASTIES SAY OF 

THE TRIBUNE. 

Never so good a paper as it is to-day.— [Ad- 
vance, Chicago. 

A journal wLich has not now its peer.— [Pe- 
terson's De lector. 

At the head of the newspaper press of the 

country.— [Sentinel, Saratoga, N. Y (Democratic). 

The greatest newspaper in the country.— [Ga- 

sette, Elmlra, N. T. (Democratic). 

Surpassed by no American journal in ability, 

energy, and enterprise.— [Christian Register, Boston. 

The Tribune is the best paper in the world 

in our estimation.— [Merchants' and Manufacturers' Bul- 
letin, Cincinnati. O. 

Achieving wonders, outstripping itself, in the 

hands of Mr. Greeley's successors.— [The Old School 
Presbvtertau, 3c Louis. 

Beyond all question the best newspaper in 

the United States.— [No w-Haveu Journal ami Courier 
(Administration Republican). 

Beyond a doubt, the most influential, fear- 
less aud independent paper iu the country.— [Gt. Bar- 
rlngton (Mass.) Courier (Administration Republican). 

In the endeavor to popularize science, no 

other newspaper has ever hspii 10 the night achi-ved by 
The New-Yobk Tribune.— [Tho Univerattliat, Boston. 

If any man wants a very complete, ably 

conducted, and valuable newspaper, one that keeps up 
with the times and is nowhere exoellcd, let him try Th» 
Tribune.- [Water town (N. Y.) Times (Tudepcndenr). 

The New- York Toibune fulfills every re- 

qulrcment of a ni-st-ctu*s newspaper. It 1a prompt aud 
reliable, ably edited, and vigorously managed.— [Newark 
(N. J.) Beglsrer (Independent). 

The greatest achievement of newspaper re- 
port lug that has ever occurred wa* t t of The New* 
York Tribune with the Evaugelical Alliance.— [Cluciu 
nati (Ohio) Commercial (Iudependent). 

American newspaper enterprise is probably 

at this time more fully illustrated m the daily issues of 
The New- York Tribune than in any other journal — . 
(Wiimiugtfii (N. C.) Star (Democratic). 

Unquestionably, in all that relates to the 
collection uud publication or news, the leading journal 
in the United States. It was never so good a news- 
paper as It is to-day.— [New-Haven (Conn.) Palladium 
(Adiuinistrutlou Republican). 

The Tribune feels just pride in the success 

ft U»ws achieved aiid the position it has secured in the 
iront rank of the leading journals »f the world. Its 
houorahle record is a glory to all the Press.— [Albany 
Argus (Democratic). 

It is a great newspaper the public care for 

and they liave lc In The Tribune, more so (hau in any 
ot her paper in this or any other « ountry. It is a greater 
uew«paper to-day than at any previous time In lis his- 
torv.— [New-Yor lc Commercial Advertiser (Adminlstra* 
tion Republican). 

The Tribune daily spreads such a feast 

of good tnlugt In-fore it* readers that uiey have/ no 
r^asou to complain. Its reports of ourrrut events are 
extraordinarily lull and accurate, and its special oor- 
re»7<>udence from all quarters of tbe wori I ha* become 
a marked and important feature.— [Brooklyn (N. Y) 
Argus (Independent). 

Some one said, years ago, that newspapers 

In time would do away wir.ii. all other pnhiicaMous ex- 
cept text-book*. Tub New Yobk Tbibitxb, wito its 
scieiitlnc lecture numbers, seems to be ovcr-fuifiltlng the 
prophecy. Among the poor people it is obviating the 
neciKSity for scientlllo text-book*, and Is an aportle of 
compulsory education— [Leslie's Illustrutad Newspaper. 

The greatest newspaper of the country, and 

we think the greatest in the \iorld, is The ibibunb. 
Great as li was under the Immortal Greeley, it is out- 
stripping with wondrous strides all the brignt record of 
the past, and stands to-day as a roost illustrious example 
of successful effort and well-directed aim.— [Scrantoa 
(Venn.) Times (Demooratloi. 



HENRY L. SHEPARI) A CO.'s PUBLICATIONS. 



COLLINS, WILKIE, 

THE DEAD ALIVE. By Wilkie Collins, the greatest English 
novelist. 



EXTRACT FROM THE AUTHOR'S APPENDED NOTE. 

" It may not be amiss to add, for the benefit of incredulous readers, that all the ' improbable 
■events' in the story are matters of fact, taken from the printed narrative. Any thing which 'looks 
like truth,' is, in nine cases out of ten, the invention of the author."— fV. C. 

Price in cloth, extra, fi.oo 

" " Paper, ..... .... .60 



HENRY L. SHEPARD & t\>.'S PUBLICATIONS. 



HAILEY, JAMES M. {The Danbury News Man), 
LIFE IN DANBURY. Fully illustrated. 



His portrait, to use one of our expressions, looks as serene as the second story of a castle li- 
the air. — Baton Advertiser. 

A genuine humorist. — N. Y. Nation. 

The most popular humorist in the United States. — Chicago Pest. 

A thoroughly enjoyable book. It can be read and read again, and it will not tire you. It has 
only the elements to amuse. — Toledo Blade. 

A humorist of an uncommon order. — N. Y. Daily Graphie. 
A Letter from Rev. W. H. H. Murray to "The Danbury News Man." 
My Dear Bailey: — Boston, June, 1873. 

I have never seen you face to face ; but I have seen you many times in "my mind's eye," and 
number you among my close friends, as I number every man who makes the world better through 
laughter. Go on in your sweet ministry of mirth, to which you was ordained at birth by a greater 



ly as a dear gift to them. If you could hear them, as I have heard them, read aloud at th« family 
table until father and mother and the youngsters were all in a roar, and in offices and cars, and at 
the corner of streets, and seen what a ripple of laughter followed your little paper wherever it 
went, I feel that you would realize that your " labor was not in vain." 

I am yours truly, W. H. H. MURRAY. 

Price, bound in cloth, extra, with 7 full-page illustrations by H. L. Stevens, $1.50 



EXTRACTS FROM LIFE IN DANBURY. 



AN UNPLEASANT DISCOVERY. 

Dr. Trall, of Philadelphia, has made a very unpleasant discovery. In about seven years, 
Jupiter, Saturn, Uranus, and Neptune will approach nearer the earth than they have been in eigh- 
teen hundred years, and the result will be a pestilence. When Congress has the manliness to make 
astronomy an indictable offence, then we shall have relief from these things, but not before. It was 
not a long while since that some one predicted that the earth would be swamped with a deluge, and 
you couldn't borrow an umbrella or a pair of rubbers from any one. The next idiot said a cornel 
would strike and demolish the earth in a twinkling. Whereupon many excellent people tied their 
beds and carpets about their premises, and put cotton in their ears, and sat down on the cellar 
bottom in dreadful expectation of the shock. Hardly had this alarm passed off when another 
astronomer came around telling people that the Niagara Falls would be dry in less than nineteen 
thousand years, and nothing would do but that people should hurry right out there for a farewell 
look, and in less than twenty-four hours there wasn't people enough in Danbury to entertain a 
Japanese hermit And now here is Trall with four planets and no vaccine matter. All Tobacco- 
chewers are to be killed by these planets, and young ladies who wear stays, and men who bet on 
the wrong horse. If we understand the old scoundrel correctly, the only people saved are thos* 
who drink lemonade out of a dipper and play Copenhagen with their aunts. 

A Wist Street man says the longest funeral he ever heard of took place a week ago. Hb 
hired girl went to it and hasn't got back yet 

One of the saddest sights in this season of the year is a young man who has waited outside 
the church of an evening until he is chilled through, only to see a girl walk off with some rascal 
who has been inside all the time and toasting his sinful shins at the stove. 



THE DANBURY NEWSMAN'S ALMANAC, 1874, 

Fully illustrated. Paper, $ .85 

BULBS. See Edward S. Rand, Jr. 
BARNARD, CHARLES, 

MONEY AND MUSIC. An art story. Price in doth, extra, . 1.0a 



THF «TiST OF ALL GOOD COMPANY. See Blaucha. ^ 
Jerrold. 



HENRY L. SHEPARD A CO. S PUBLICATIONS. 



THE TRIBUNE EXTRAS. 

A LIBRARY FOR ONE DOLLAR. 

No. i. Twenty-three illustrations — Tyndall on Light. Price, . . $ .10 

No. 2. Beecher's Compulsory Education ; Phillip's Lost Arts ; Bellows' Is 

there a God? Mark Twain's Sandwich Island Letters. Price, . .10 

No. 3. Forty illustrations — Prof. Wilder's Brain and Mind ; Prof. Barker on 

the Spectroscope; Prof. YoOng on Astronomy, etc. Price, .10 

No. 4. Six Shakesperian Studies, by John Weiss ; Seven Art Studies ; Par- 
ton's Pilgrim Fathers; Bret Harte's Argonauts of '49. Price, . .10 

No. 5. Twelve illustrations — Three Lectures by Prof. Louis Elsbergon Sound 
and Hearing, Voice and Speech ; Prof. Benj. Silliman's Deep Placer 
Mining in California ; Park Godwin on True and False Science, etc. 

No. 6. Beecher's Seven Lectures for Ministers. Price, . . . .10 

No. 7. Beecher's concluding Lectures, etc. : "Creed Statements," by Thomas 

Starr King, etc. Price, ... ... .10 

No. 8. Sixty-two illustrations — The method of Creation. Twelve Lectures 

by Prof. Agassiz; Fossils found by the Yale College Expeditions. Price, .10 

No. 9. Twenty-eight illustrations — Proctor on Astronomy and Agassiz at 

Penikese. Price, .10 

Pamphlet Edition, .20 

*No. 10. Ten illustrations — Science for the Year. Proceedings and Discus- 
: sions of the Annual Meeting (1873) of the American Association for the 
Advancement of Science at Portland. Price, . . .10 

No. 13. The Farmer's War: Letters from the Western States; the Rise, 

Progress and Purpose of the Farmers' Granges. Price, . . .10 

No. 14. Exploring Expeditions — Prof. Agassiz on the Valley of the Amazon ; 
Capt. Jones (U*. S. A.) on the Yellowstone Park ; Prof's Hayden and 
Whitney on Colorado. Price, .10 

No. 15. Discoveries on the site of Ancient Troy-Letter by Bayard Taylor; 

Brown-Sequard's Six Lectures on the Nerves ; Proctor's four Farewell 

Lectures on Astronomy ; Price, . .10 

Pamphlet Edition, .... .2c 

No. 16. The Booklyn Congregational Council; Proceedings, Discussions, 

Decisions, and Review by Rev. Dr. Leonard Bacon. Complete. Price, .10 

No. 17. Metropolitan Sermons — by eminent preachers of all denominations 

in New York and Vicinity. Price, .10 

Pamphlet Edition, . . . . .20 

Tribune Extras, Nos. 8, 10, and 14 will be sent by mail to any address in the 
United States for 25 cents ; Nos. 1 to 9 inclusive, or Nos. 6, 7, 8, 10 and 
12 ; or Nos. 8, 10, 12, and 14; or Nos 1, 3, 5, 6, 8, 10, 11, and 14, will 
be sent to any address for 50 cents. 

jy The entire Extra Series above described sent by mail for . . 1.00 

No. 1 2. The Evangelical Alliance; Meeting in New York, Papers, Discussions 

and Proceedings. Complete. Thirty-two pages. Price, . .25 

<y Additional Extra sheets containing Credit Mobilier reports and the. pop- 
ular novels, " May," by Mrs. Oliphant ; " A Pair of Blue Eyes," and 

"Lords and Ladies." Each by mail, .10 

<yAny of the above sent by mail on receipt of price, by Henry L. 

Shepard & Co., 31 Hawley Street, Boston. 
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JERROLD, BLANCHARD. 

THE BEST OF. ALL GOOD COMPANY. By Blanchard Jerrold. 
Comprising : A Day with Charles Dickens ; A Day with Sir Walter Scott ; 
A Day with Thackeray; A Day with Douglas Jerrold. Consisting of 
a bright biography of each writer, a sketch of his career as an author, an 
estimate of his genius, and extracts from his works. With specimens of 
manuscript, portrait, and illustrations by Robert Harris. 

The whole is calculated to give the reader such an idea of ""The Best of all 
Good Company," as would be gained by a personal acquaintance. 



A happy method of bringing some of the great masters of our literature into more intimate 
rtlattons with the people. — Christian L'nitm. 

Entertaining reading. — A". Y. Evening Mail. 

Capital in design and execution. — Prov. Evening Press, 

It deserves, and undoubtedly will receive, a large popularity in this country. — Pkila, Evening 
Press. 

Many new anecdotes of the distinguished writers in question are given, and Mr. Jerrold has 
written his part of the work in a pleasant, gossipy style, that carries out the illusion thai he is the 
genial club-man, who, having introduced the reader to the best of all good company, remains to 
take a welcome share in the conversation. — N. Y. Graphic. 

Price in cloth, extra, gilt top, %*■%<> 
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RE-ISSUE OF DE QUINCEY'S WORKS. 
Messrs. HENRY L. SHEPARD & CO., 

Take pleasure in announcing the completion of their illustrated edition of 
the works of Thomas De Quincey, " The English Opium-Eater, " includ- 
ing all his contributions to periodical literature. 
The wonderful productions of this "great master of English composition" 
have not hitherto enjoyed the advantages of ready perusal. Whether this has 
been owing to their having been so long embedded in the anonymous pages of 
various periodicals, or published at too high a price, and too inferiorily when after- 
wards collected, it is difficult to say, but certain it is that they have never received 
that justice in the way of publication which has been awarded to many works of 
even inferior pretensions. 

The publication of this re-issue of De Quincey's Works has been undertaken 
with the view of remedying this defect, and of bringing the writings of so gifted 
an author within easy range of those who may wish to possess them. 

The series are printed on fine toned paper, in beautiful clear type, and are 
fully illustrated with Steel Engravings. 

The price is $1.50 per volume, $24 for the set, a price which we hope will 
encourage the purchase of writings which have been well characterized "as a 
combination which centuries may never reproduce, but which every generation 
should study as one of the marvels of English literature. 

It is the only complete and illustrated edition, and the only edition containing 

a general index. 

CONTENTS : 
Vol I.— Confessions of an English Opium Eater. Vol. II. — Recollections of the 
Lakes. Vol. III. — Spanish Nun : Last Days of Kant; Joan of Arc : Roman 
Meals; Superstition. Vol. IV. — Murder as one of the Fine Arts; Templar's 
. Dialogue on War ; The English Mail Coach. Vol. V.— Shelley ; Whiggism ; 

Goldsmith; Wordsworth's Poetry; John Keats; Homer. Vol. VI. — Judas 
Iscariot; Richard Bentley; Cicero; Secret Societies; Milton. Vol. VII. — 
Walking Stewart; Wellesley ; Schlosser; Pro test an ism ; Pagan Oracles; 
Miracles; Casuistry; Greece under Romans. Vol. VIII. — Pope; Greek 
Tragedy ; Language ; Manners ; Charles Lamb ; Herodotus ; Plato's Repub 
lie ; Sortilege. Vol. IX.— The Csesars ; The Theban Sphinx ; The Essenes ; 
/Elius Lauria. Vol. X. — The Incognito ; Rhetoric; Life of Milton ; Revolu- 
tion of Greece ; Style ; The Dice. Vol. XI. — Coleridge and Opium Eating ; 
Hebrew Lady ; Temperance Movements ; Milton and Southey ; Christianity, 
etc. Vol. XII. — Carlyle on Pope; Mackintosh's Works; Anecdotage; Her- 
der; Universal History; Charlemagne; Goethe; Leasing. Vol, XIII. — 
Letters, etc.; Orthography; J. P. F. Richter; Conversation; Presence of 
Mind ; Macbeth ; Sophocles ; Traditions of Rabbins ; Modern Greece. Vol. 
XIV. — Autobiographic Sketches. Vol. XV. — Biographies: Shakespeare, 
Pope, Goethe, Schiller ; Tory's Account of Toryism ; Political Parties. Vol. 
XVI.— Suspiria ; Chronology ; Wilson ; Hamilton ; California ; China ; 
National Character; Freemasonry; Notes from Pocket-Book. General index. 
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Our Magazine, AMERICAN HOMES, 

Which has been before the American 
mechanical and literary standard so ra 
first-class periodical at (2.00 a year." 



OUR CONTRIBUTORS INCLUDE, 



C. A. STEPHENS, Author 01 " Camping Out 

JULES VERNE, Author of "Twenty Thou- 
sand Leagues under the Sea," 

JUDGE COZZENS, Author of "The Marvel- 
lous Country," "Jimmy Sloan's Coort," Ac, 

CHARLES BARNARD, Author of "The 
Soprano," " Money and Music," Ac, 

EDWARD SPRAGUE RAND, Jr., Author 
of " Flowers for the Parlor and Garden," Ac, 

Prof. GEORGE LOWELL AUSTIN, 

EBEN E. REXFORD. 



J. M. MERRICK. Author u( " Nugae Inutile* 

W. E. EXDICOTT, 

MRS. K. T. WOODS (KATK TRUE), 

MRS. MINNIE MYRTLE MILLER, 

MARY F_ BRADLEY, 

Rev. PETER PENNOT, Author of " Achsah 

FAITH APPLETON, 



irilli.v 






As the " Boston Daily Advertiser " says, " There is room for a periodical which, furnished at 
Ihe low price of J2.CO a year, is yet first-class in characler, tone, literary contents and execution ; 
and well would it be," continues " The Advertiser," "were all the homes where the larger magazines 
do not go, supplied with reading as good intone and style as that in American Homes." 

OUR PREMIUM. 
We have published a magnificent oil chromo, "Life's Voyage," which for beauty and as a 
work of art will challenge com petit ion. It is in size 14 1-2 by 22 1-2 inches, and will be mounted, 
sized, varnished, and finished in first-class style 1 and as we are determined to offer such induce- 
ments to the people that they will subscribe for the American Homes in preference to any other 
magazine or paper published, we have concluded to give this chromo framed in a polished black 
walnut and gilt frame, with a year's subscription to the magazine, for only S3.25. 

HENRY L. SHEPARD & CO., Publishers, 

BOSTON : **. Y. : CHICAGO : 

31 Hawley Street. 24 Bond Street. 92 Market Street 

Sample copies sent an application. 
AGENTS WANTED IN EVERY STATE OF THE UNION. 
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VERNE, JULES, 

ADVENTURES IN THE LAND OF THE BEHEMOTH. By the 
author of "Twentv Thousand- Leagues Under the Sea," "A Journey to 
the Centre of the Earth," etc. 



1IERIDIANA. Illustrated. Paper cover, .... as cent* 

This is the first presentation of a book by Jules Verne, — illustrated, — for ; 
low pries. It i --mated on tinted paper, and is elegantly bound. 

Price, square 2vo, $i.oc 

It is quite as wonderful =nJ 1.1..C. . 1 ■. :*■*'.!:.-' this fanciiul Frenchman has written. 

M K Ev-nim- Pot!. 
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